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. . . FOREWORD e,

“ . - . - T . . . R
. ’ [ E

Over the last decadeé,‘ﬁmericans-haVe been learning to see what'
we ‘have never seen before. I refer not fo flying saucérs but to )
people -- people who have been hidden from us by prejudice, by . p
custom, and by ignorance. Ralph Ellison described the phenomenon';

. for blacks in his powerful novel, The Invisible Man. '

Today, finally, we see the\black populatien; we‘are'only
beginning to see other groups -~ women, the American Indian, the

. elderly, the handichpped --.gee them both as national resources and
' as. groups: having clpims on the national cowscience. '
. . ¢

. This publication 1s one of a series of six, the titles of which
. -are listed in the acknowledgements; that HUD's Office of .Policy _
o Develapment and Research has sponsored to accomplish the important o
. task of making byildings accessible to and usable by the physically - - o . ;E
: hand-icapped through improving the American National Standards Institute's- - '
... All7 standard. C o L ' o . - _ ‘
' o [ - /
BT Prepared under the supervigion of the' Office of Policy Develgpmept
*2i°.-and Research, these volumes. have won¥a research award from '
. Progressive Architecture.” To quote from the jury comments: "In terms
v 7 "of the effect that the work will have! on future architecture and planning,
he ‘new AN6I standard A117.7 has got to be the blockbuster of, all..... It's
wery solid piece of ‘work." ~ T+ ’ . '
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ERC ;i Tt \is indeed. I am proud to present it to you.

) RS _ 4 _ Donna E. Shalala : v
. P ’ "Assistant Secretary -

f.*ﬁ{_ S A T _ for Policy Development . . ,
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This report ¥s bne_of a series of reports prepared under this contract.
The full series includes: ) S : :

1. Access to the Built Environment: . A Review of Literature
2. +AccessibTe Buildings for People with Walking and Reaching
Limitations ; - I

. ..3. . Accessible Buildings for People with Severe Visual Im-
.. pairments - ' ' b
4. The Estimated Cost of Accessible Buildings: .
*5. - A Cost-Benefit Analysis of Accessibility
6. Adaptable Dwellings R :

-

AT of'thfs'EESearch coﬁtributed to the development. of the proposed re-
~visions to ANSI-A117.1, Making Buildings and Facilities Accessible tp
" and Usable by the Physically Handicapped. -
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Introduction and-Objectives a

~ The research reporteds here was initiated to fill some - specific informatipn\\
knéed§l "In the development of the proposed revisions to.a voluntary building-
standard, ANSI A117.1, Makiny Buildings and-Facilities Accessible to and
Usable by the Physically Handicapped, a major goal was the use of-technical
criteria generated from reliable, empirical research. A review of existing
‘human factors research on accessibility of buildings for disabled people .
. :d$n§ified many serious deficiencies in existing information.(see Steinfeld,
1978 ).. . : T : R
For accessibility concerns related to movement disabilities, limita- .
tions of ‘stamifa and-difficulties maintaining balance, the major findings
of the review were that there was; =~ . .

v

T. Limited empirical data about the use of kitchens, .
2. Limited empinical data about the use of doorways ‘that
can be applied to American construction practices, _
3. No empirical data on strength-and stamina. 1imitations,
-4, Conflicting data on use of ramps, _
5.. No empirical data about the use of bathrooms, o
6. Limited empirical data about negotiating movements in

Cl S small spaces Such as elevators, . §
o 7. Limited information on reaching under actual conditions
~ E of use, i.e, other than anthropometric data.
In general, although a. great many recommendations exist for accessibility"
design in all these areas, few are based on reliable empirical data.
?th either have an anecdotal source, or rely on a limited or ambiguous.
- data base. S BN
It was determined. that a series.of_empirjoif research studies would pro-
- vide a 'more reliable and valid data base for the technical criteria of
the standard. The objectives of: the research were to:

]

- 1.. Clear up coﬁfusion caused by(ﬁi{ferences in existing in-
- formation, L . , . o
2. Fill gaps where little or no research has been done,
3. Determine the differences in optimal conditions-for people
“with different disabilities and degrees of disability.

P

. . \ . ) N [
' . The third objective is related to the process of developing ‘standards, L =T
. Since voluntary standards such as those of .the ANSI (American National E
: Standards Institute) must be accepted in a consensus process, the optimum. o
L in accessibility may not be acceptable due to pqlitical, economic or . N
technological factors. We ganted to have data available so that.as o
positions were taken on the technical criteria of the standard, it would
be clear who was being included or excluded from access or use of’
buildings. ' : : ' . . (
_ In addition to. the work reported here, research was also initiated that
«  focused on the mobility problems of {fhd and partially sighted ‘

|}
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- ‘Aiello and Steinfeld,. 1978)

13 0 . L]

individuals. That research is reported in a separate document tsee

7’

Laboratory Testing Methods ;

TestingﬁStations and General Procedures - Disab]ed and able-bodied .
people performed simuTated tasks of dafly living at'mock-ups of actual

public and res1dent1a1 environments. The research 1nc1uded studies of:

‘ L Y
- Anthropometric measurements
- Speed/distance measurements : v
- Wheelchair maneuvering--"K" turn, -"U" turns around walls, -
"L" turns. from corridors into passageways .
- Push-and pull forces
- Kitchep work centers--oven, sink, range, mix center, kit-
- chen Tayout-(the bathroom- lavatory was also -inclyded in
.- this group due to-its similarity with kitchen work centers)
®- Ramp slope. and length . Y .o
- Doorways ‘ ~
- Elevator :
- Toilet sta]l design Lo '
- Bathroom des1gn, including bathtub, shower and bathroom
- . layout
- ublic telephone height
-,Pub11c mailbox use

L}

L]

S1mu1ated tasks and environments were used for gathering data in order
to study many different parts of buildings.with a variety of different
arrangements. and conf1gurat1ons and to involve as large a sample of
people as possible. The use of data. gathered in the field would have
been limited to the characteristics of existing settings and therefore

* would not provide a sufficient range’of observations to identify optimal

conditions and .the full” range of accessibility problems. In addition,
the ‘cost of building real environments for each of the testing stations
and the time required to have each subject use them were prohibitive.

" The simulation method allowed the research to be as reality-based as
possible W1th1n the constra1nts of: information needs ‘and budget.

- The test1ng stat1ons were located in an unused Un1vers1ty bu11d1ng, which

served as a 1aboratory for the project. The testing stations were selected
and designed to generate the specific data necessary for meeting our

- information needs and objectives. The‘design and use of ‘the stat1ons are

descr1bed in the reports for each stat1on

_‘3\

'_All test1ng procedures were standard1zed Instruct1bns were wr1tten for®
-fach testing station. - All staff members were trained in the procedures

nd team leaders, who where profelssional staff, supervised all 1aboratory

| work. Subjects were encouraged to try alternative methods of using

testing stations when ‘it was apparentygthat they were)us1ng an 1neffec1ent
methad to accomp11sh a task, All testing was completied in casual clothzng

~and wheelchair users used the1r own wheelcha1rs

<N
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Recording and Analyzing Data - A1l testing stations were designed, as :
far as possible, ‘to allow automatic measurement. For example, measu ing ., . a
rules or grids.were gpplied directly to equipment so that observers’ _
. . only had-te record the result rather than measure every dimensian: This cow
' reduc&d error in measurement as well as reducing the time required to take - -
- measurementss - - - e _ . :
) . . \.\\ - ) . . . S . R ¥ . . # -
In the analysis of data for individua]-testjng'stations;-graphic'repre-._ o
sentations were often used to, identify patterns. Methods of analysis AR A
and presentation of results were ed upon the data needs of developing '
_ sgandards. Thus, cut-of f points.fe determining how many, or which,
, -+ subjects could mahage with a giVen design feature were selected by «
7 standard increments commonly used -in design, e.g. six inch increments,. -
: . : » : : .
S

“

_ Recommendations -~ We have assumed, 'in making recommendations, that there
. : will aTways be some people whose abilities wi]] require specific and 5 -
personal adaptation of the physical environment to allow them to use it
+ independently. Thus, we have included a description of "marginal pop- N
. ulations" for each set of recommendations. It is our- judgment that
: yrecommended design criteria should not be based on the performance of -
# these people because the nature of their disabilities is so. idiosyn-
cratic that they may or may not be able to successfully use buildings
and facilities giVEﬁ'Eﬁ&“ﬂé&?ﬁﬁ'criteria,short.of'bustom_design. Our
recommendations encompass the people with a'range of abilities who
", clearly would be benefited by standardized design features, This means
. " that such recommendations would be most corivenient to the broadest
. “range of individuals and not” handicap other people .in the convenient
‘use of the environment, =~ .

R .

4

-

Subject Se]ection,Metths andJRecruitment '~( N

* These studieg were concerned with the useof buildings by people with
movement  disabilities, limitations of stamipa and balance.” Ambulant,
semi-dmbulant and non-ambulant people participated. The- major disa-J L

) .- bilities thaﬁ/sdbjectS'had were:
. 1. ~Incogrdination and difficulty manipulating fingers and _ Ce

hook protheses users,. ’ .

2. Difficulty lifting and reaching, -~ :

3. Inabidlity to use Tower extrepities (wheelchair users),

- « 4. Reliance on walking aids, - . ' fo o,
* 5. .DifficuTty bending and kneeling . - -
6. Difficulty sitting down or getf?ﬁajup from a ghair,
7.

Difficulty using stairs or inclines or difficulty
walking Tong distances, . . : a

Difficulty walking on rough surfaces, N

v Difficulty 1ifting and reaching combined with diffi-

. . culty manipulating fingers or incoordination, . ' T j )
’ Difficulty 11fting pnd reaching combined with inability . \

»
O Co

—
ot

to-use lower extremitiesy, . . .o
11. Reliance ‘on walking aids éanbined‘with-diﬁficu]ty TN, S
| ~sitting down or getting up. SRR '

| Q . T o\ ) ~ I ;. 1’) . . . » | ’ " o . s
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‘ A group of'ﬁpTe-bodied Subjects also;parti¢1pa§éd in-the»reseakch.

' --Disability categories do not, -in themselves, establish a description
o of an-individual's functional ability for independent action. For ex- '
. *. .ample, one individual "who cannot use their fegs (category 3, above).may .
o . be young, trained in a rehabilitation clinic, -have strong -upper ‘ar,

- .and good stamina. Another individual who cannot use their legs may be

- old, with little rehabilitation training, have general limitatiens in

stamina’and be obese. These differences in.impairment.and other char- -

dcteristics result in different levels of functional ability for every--

_To insure that theselection of subjects reflected differences in func-
v 9 tional ability levels, each disability category was divided further into’

- a range of functional levels. The range-started with the most independent
level of ability in a category and ended”with the lowest level of ability .
that-would allow independence in daily activities. A screening method, '

~ - interview about tasks of daily living in ord®r..to identify a person's -
" disapilities and also their functional ability. leyels within each partic-
- +7  ular disability category, Since all the interviewing was to be done by Y%
' v telephone and, by non-professionals, a clinical assessment or evaluation "
© ¢ of function at’ the first,contact with the subjects was impossible. Thiyg.
gave rise to the need for a pretest and also.a validation procedure

-

1\

+

Three versions of the Diagnostic Interview were initially administered
to a total of twenty people by telephone, Its accuracy was then checked
- by” home v@pits to thosé individuals by a physical therapist. Most -
¥ ' . {jtems proved. to be valid indications of functional abi]ity,;but some
e correctierfs and improvements were made following the home visits. The
Diagnostic Interview also contained several items of biographical data,
-inc.luding age and sex. ' : - ' :

-

~
3
~

and use of the environment by peop]e'who would be independent in daily
activities. We were concerned that the. sample of individuals would be
representative of all those people, to the inclusion of marginally in- -
dependent people. With such a sample, we could bBe assured that the ,
results of ‘our laboratory research would apply to the broadest possible
population.. Therefore, our objectives in obtaining'subjects'were:-

1. Find people with all the disabili®ies on our list, - -
. 2. Find'people within each category that reflected a range -
- of functional abilities, no :
.3. Minimize bias in sample :selection caused by an individual's .

dependency on iAstitutional.services, : -

4. Obtain enough people in each ability level of each dis- .
~ability category to make generalizable conclusions from
data, - I . o _ : _
5. - Minimize bias in sample selection due to a high incjdencr. »
of .advanced rehabilitation-training. not available to the® -

broad range of disabled people.

. day activities, even though both may be Wheé1§2air users. -

called the Diagnostic Interview, wa's devetoped which utilized a self-report-

at .
. the laboratory. - o ‘ ‘»J- _

- Qur 0vera11'research“gba] was to establish requirements for accessibility -

' .
. 7 .
- ) h ) - .
. ' . ‘ ) 1 . ° ¢ )
g - . 4 . v A . . . .
: i . . . . . + : .
.
. . “ .
L ~ - . .




- A review of demographic data:on’ disabi1ity indicated that-statistics . .
~are not dvailable on functional ability of people within disability «
categories: to the detail required. for oyr research. Thus, there was
no basis to utilize a proportionate sampling method. Furthermadre,

since the proportion of people in .the general population with severe Vo

disabilities is well below twenty percent, any-random samp]ing'method. . !
~‘used to identify subjects would have been exceedingly expensive and -

- ‘time consuming. The use of the Diagnostic Interview, combined with a

validation procedure at the laboratory, provided a way to identify and -
- verify disability and_functiqna] level, but we' had to set an ar Ttrary
- target.for the ‘number of subjects in eath group.. Since we antic\pated
that wheelchair users+would be critical in terms of performance, ‘
over sampled for them. We utilized mewberhip 1ists of. elderly an

‘abled consumer organizations in the Syracuse Metropotitan area to

generate ‘an initial roster of potential subjects for telephone int r- - .

views. [In addition, an-intensive effprt to.recruit subjects was made
through 16cal r9dio, newspaper, newsletters and bulletin boards.

-8 . _ . -~

Sébject rech?%hent was doneby a lTocal senior citizen's advocy organ- .
ization, the Action Coalition to Create Opportunities for Retirement

. With Dignity, Inc. (ACCORD)., Working on a sub-contractuatl agreement,
they provided two telephone interviewers, whom e trained to use the
Diagnostic Interview. Training .ncluded having the interviewers make
.telephone calls to our.staff who simulated disabilities and difficult

.Interviewing problems. When the interviewers were consistent] ytaccur-
ate in-administration of the interview, they were furnished with Vists

of prospective subjects. Quality control included reinterviewing a |, )

- small, random sample of, people interviewed by ACCORD workers and checking
altl interview forms for completion and logicatl consistency. . °

The ACCORD Office served as a, receiving point for telephone cadls in
response to our-adds and media announcements and the ACCORD workers.
scheduled subjects at our laboratory. Recruitment.was not limited to
~older people--a concerted effort was made to recruit .subjects from all

- age groups., Recruitment was limited tq non-institutionalized people.

A few exceptions to this rule were made, but such. individuals were tested _
in a limited number of stations. The recruitment’ efforts took place

over a six month period, running simultaneously with our testing .proced- -
ures., .

‘s .

Free transportation-to and from the laboratory testing 'site' was provided
and a wheelchair cab service was retained for people who needed or "
desired such a service. A1 subjects were paid between $12.50 and - $20.00,
based on the -number of tasks each was requested to .perform. The decision
¢ to perform more difficylt tasks, such as toildt transfers, etc., was
\__made by each'individual. A1l staff members were trained in safety pre-
“~edutions. The testing period, for each individual, wa¢ broken into .
several morning or afternoon sessions if necessary, with coffee breaks

-and rest times as needed so that fatdque due to testing was not a fac-
~tor in performance. : u :

-

Subjects.weré tested on1§ at testing stations where usé was affected by ..

their disability. For:example, subjects who had difficulty handling and-
o . ‘ ’ ' N C T N
/
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;. fingering were tested at sgations whosé u§h-rqujredif1n§er dexterity.
. - " People who used walking aids .or wheelchairs ‘weré, tested at all testing .

. .. [ .stations. Table 1. shows-the'matching‘6f_subjgctsbto.testwng jons. . .’?ffi _

. ;. v~The total number of disabled subjects was 201, T T O S

R T T T O UER I N
e a.The,’te$tingrwas doné in twq _phases. ,-I;he first: phase objective ya{!-@o TN __“}.:;v

. ., -esigblish basic ranges of erformance for &ach, testing station. fTh)§ e T

3 . data was used to génerate StOposed~standard§T The second phase objectnggn TR

were to validate some parts of the proposed ‘standards, research some . . <
v areas in more detdil and to test some combinativons. of design elements, - .’ .
€.9. bathroom ‘and kitchen layouts. The second- phase subjects, were -~ o
.7 - selected frony the larger sybject pool as being rgpreséntagive(qf various . -’
ax jL‘ability levels. Thus, we.could be sure that, even though ‘small sajffpdess T
SN 1o were ysed, the criteria deriveds from the. second phase resear¢ch actlyities. -
© " 'would be satisfactory for the rest of the subjects in the sample, and
c o to the disabled.popuTation in-general, to the. extent that our basic '
e *. - .sample reflécted the range of functional .abilities. in that*populatjon.

o Upon- grrival 3t the laboratory gesting site, subjects' physical abilities .
N\ were reassessed through actual performance of tasks that ‘were sgM-
<, reported on he .Diagnostic Interview. «This was necessaﬁy'not(oﬁlyiag' -

" 3, validation of the Diagnostic Interview, but also because the time g
lapse between the telephone interview'and initial visit to e. labora-

. story was often one month or longer. During this time, the physigcal -

S sta§u§n9f many indiyiduals could either improve or deteriorate, - -

After the Validation, a change was made in the ability level: if a dis- .
Y * wpepancy was noted. . Approximately twenty-five percent of the subjegts - . -
4 - 1ad a change in their functional»abilitﬁ level. ..Some of this was due , '
. .., tochanges in physical status. The highest concentration of changes were
A v in the categories. of difficuJty 1ifting and reaching and limitations of
e .stamina. These two areas of the diagnostic interview appear.to be the..
. weakest in predictive value: Some subjects seemed to fave difficulty.
.+ Judging hpw,high.they-gou]q reach of how fag they could walk withouts - oo
Fatigue, A1$o;;some subjects perceived themselyés as more disabled | o
than they actually were, oo T e <] s
. . v ~- . o PR R
Lo We did not require wheelchair users to validate their self-reportedy per~
=. ' + formarce 4in_transferring since we ‘felt i - would be too fatiguing. . A T
: éheg chair users Wpo,«on the . . '
Diagnostic Interview, réported that-they¥could transfer, gid not transfer »
o at "the, time of testing. ' When investigating reasons for nis, we found °
) . - three of these people had Feducetd capacities since the Dfagnostic Inter- ot
- " view; pne was able to-transfer byt had.exterpal collection devices and ’
o .thusy did not need to use a toiliet; and the. othér -person was simply too . ..
' fatigued. On the other’ hand, .there’were two wheelchair users, who, when
sinferviewed, reported that they could not transfer, but did at the time
- of teésting. +One of these people Had an improvement.in her condition and
-, the other one, who usually needs assistance to transfer, was able to. N
o -+ transfer betause he had grab bars on both sides'at a preferred height- -
N . d4nd proximity to- the toilet. L / T B
“ >. - . : '
[}

review of testing data showed that five |
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]Irﬂtia]ly,r we had hoped to recnufl not less than ten peo in eacht - _
“functional.ability-level for each-disability category in @ll but the= .
category, “inabi]¥ty-to use lower extrémities. 'In that category, we '
made-fine distinctions in ability levels and,- thus, we sought only five

‘,pepp]e in each level hut ‘had- a large .number of levels: It was. very

- procedure, were found

".‘..:difﬁiqult to find peoplé at certain‘levels. This may reflect a very

smal1 “incidence of “such disabilities. .In categories wheré we found only
d Tew individuals at certain levels, we cembined those-levels for analysis
purposes. Table 1 shows the breakdown for the gtotal ‘sample of" S
subjects by disabi]j&yfﬁategory. "Those people who, in the valida€ion . .
not to be disabled. by orpffunctional criteria were
"grouped ih the able-bodied category. . , .
L : . - .y . , .
Description‘of Swbjects. ° a7 . N

.. A second interview was adminfsgeﬁed to all subjects during their first .

visit to the-laboratory. -This was called the Opinion/Adaptation Inter-

~view and twas used-t0 solicit ba&kground information.about present 1iving

- arrangements, use of technical aids and opinions. regarding design featur§§

fqr;increasing~qsability of ,dwelling urits. The interview, took.approxi-
mately forty-five minutes to complete. Tables 3 through 5 describe

. the sample in terfis of age, sex and living arrangements.

; Fbom;jhe tables, it can be seen t t'théféhmp]e‘has over -twice as’maﬁy .

-

)

.women than ‘men, consists almos “irely of people#who live in independent ™
housing and i6 an adult group. Almost twenty.peréent-of pur sample comes -

_frby public housing. . Compared to the aduTt population, this sample has

a.greater propoﬁtion“of.late, middle-aged and elderly people (over fifty--
five years old) than found in the general population over eighteen years

of age (US Census, '19M). .The over-sampling of women is related to the
"aged" nature of the sarffple in that womén live longer than men and, o

therefore, form a larger proportion of the population in late adu]thoo&._ SN
Moreover, they are much more 1jkely to-live in' public housing than are SN
men, - : : : : :

. _ . . .
The characteristics of the. sample mean that this group of people is _
likely to exhibit generally Tower strength and stamina, reduced aghlity,
smaller:.stature and-a greater familiarity with kitchen work’than a sample
with a more equal distribution'of\men,and‘womeﬁ orta younger sample, '
Moreover, these people are far.less 1ikely, as a group, to have ad-

vanced rehabilitation training than, for-example; a sample drawn solely

. from the 1ists of past patients at-a spinal cord injury cepter or.

1"'a rehabilTtation-center. This is not necessarily a detriment to the

generalizability of. the research since the lower limits of performance \
are more likely to be over-represented among this group. Lf the lower p
Timits can be satisfied by design recommendations ‘based. on this research,

- those people with better abiljties will also be.accommodated, unless

‘there are conflicts between#the needs of more able-bodied.people and
those with more.severe disabilities. v . . :

The fatt that middle-aged and eiderly women are more familiar with =
kitchen work reduces bias. Unfamiliarity with kitchen tasks could result

3
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in poprer performance in the. kitcher-related testing stations. - It 1s‘f’ S
our feeling, howe“veg. that the low level of ski11 requirgd to%Rom- .- T .-
plete any of the tasks should not make familiarity an issue except iff- . N
- the kitchen layout experiment wheré‘planning ahead s;o-ulqd beé important -.. N
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Conventional: shower 5 ~ : . R MY TR IS
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Speed/distance’ 4.1 2 2 R T 3 i g
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Kitchen layout 7°1 LS e
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Bathroom layout .6 ) N
Door thresholds "6 S TN e e
. Telephone booth 8 s
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YR 4. Tabled: Sex of Supjects- N lew 0]
. { ’ v N : . ) . . ° o ~
" Number_ Percent Lo
‘Male. - 61 30.3 - =
b ' . : .
o : . . - _ ,
Female 140 69.9 -
T ‘ Total 201 99.9 T
¢ \ . v ’
- "y
\ ) »
< ’ . ~ ) ) s .
.Table 5: Residence of Subjects - ¢ !
. , .‘ L v'
“ o Type _ : . | Number Percent | , s
A Publicly subsidized hous ing® 37 18.3
, Private o 16 8o )
. Home for the aged . o 1 0.5 . SR \
' Nursing home ) : B 0.5
Missing data._ LT 0.5 Rk
Total . . 200 95,9
B R . N ' '
i - — — ~ .
Peop]e in this category Hyed in housing that
S s. either federa]]y subsi{ﬁzed or pubhc
N g housing | |
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Ce, e ';; Anthropometrics « I P o .

_ . -\
. ) ICRE ot o S
L 4 ”! ~ - .'. 4 ‘Obzl:gg ti ves * . . - LI .

- ?\ fJ - Obtain data about eye level and reach 1imits. ‘ ‘ :
. ' .. +~" " - Compare data for‘ambulant’and'semieambulant_subjects.with data.for '
' ] N wheelchair users. S . ' 3 '

p - Compare’data from anthropometric measurements to abilities in actual ';

'

- use of the environment (other testing stations).

. | \.‘ ,," AEEra‘tUS - . ) - "". . ' ’ o - . . . ’ -, _. ' o

q

, . Eye leveT and -reach measurements_were recorded by measuring individuals
v 7 +' against a 6 inch grid painted onfla wall. Increments within the 6 inch
: lines were measured by ruler from the grid lines. . A wooden rod was in=
serted into the wall and prbjected  perpendicular to it at a height of
~ Y6 inches for seated subjects and wheelchair users. The rod was used
_ s an alignment device for reach-measurements. A1l measurements of - .
/ . seated subjects (except people using wheelchairs) were, taken while sub-
/x& ' Jects were seatéd in a chair with a seat height of 17 inches. .

K Procedures - = - S i}

!

. . e . : .
- For eye level dimensions, wheelchair users, ‘ambulant and semi-ambulant
. subjects stood sideways next to tne wall grid: Rulers were used to -
» - . project eye level onto the grid. Subjects reached.as high a§ they could _
. against the wall grid, from which the measurement was taken. To .
measure forward reach, subjects first aligned their chest against the - = - v
projecting rod. The rod was removed and subjects leaned as far, forward
as they could while stretching out ‘their arm against the .grid wall..

The -measurement was ‘taken at maximum extension of the: hand.
Subjects .
' " -

. The total number of subjects measured was 184, There-Were_SQ wheeiJ
: ' ‘chair users, including four with exceptional abilities and 125 ambu-

y - "lant and semi-ambulant disabled people from all the other disability '
: lTevels, ' o ' : S : L £
.. Findings , : . B - _ '
i El.The_dgL9¢g§e ﬁreseﬁted in Tables 6A-6G.and.7g Vertical reach for . ‘ '_:

wheelchair users varied-from hess than 36 inches to almost 72 inches. -
Five wheelchair users could not reach vertically to 54 inches. Over 50. -
- percent of the wheelchair users could reach o 60 inches or higher. For
t-- forward reach, the maximum for wheelchair users varied from 18 inches to v
over 42 inches, with over 50 percent reaching to 30 fnches or greater
and nine people reaching less than 24-inches. These data indicate the
, great variability in reaching abilities among this group. Data from
) other testing stations indicate that reaching abilities, when measured
through actual task performance, can exceed those lqwer dimits demon-
strated here through conventional anthropometric mea surement. :

(%

. . . N ‘ . . . * . - s . N . . .. °
. ’ . 'E‘ . ) " N .
. o T K C
Q ) _ L ‘ . B o
0 — . 3 : .. . ) . - . _- N A . . .. .
A FuiText provided by Eric AT P - - M ' . :




1Cbmpariﬁg‘d$té for the ambulatory/semi-ambulatory group;ahd'thé"Wheelchair :
gsers, shows that, as-one would expect,’the ambulftory and semi-ambulatory ) -
%bop]e.in our 'sample, have much higher reaching abilities while standing

. than wheelchair users. tHowever, while sitting, their abilities are = -
: . -similar except at higher-limits. N T e T K
‘ 4 . 4 P . . ’ T : ' ’ . J

A comparison of eye levél heights while seated shows that wheelchair

users were, on the-whole, similar in height to the;d&bu]ant and semi-

ambulant subjects. .The maximum forward reaching abilities of seated

~ambulant and semi-ambulant subjects was slightly greatér than the wheel-

- . Chair users. Comparing this group to statistics available for the

.-, general population (see Table 7. ), 39 percent of the sample had an .

» . . tye level height below the 50 percertile eye level for the general am-

B - bulant female population.  This sample -i's, therefore, not a short group.
. . R i . ’ . . N

Recommendations .

‘The: eye Tevel of ambulant and semi-amby Jant diséb]eﬂ?ﬁéop1e“héed in
design‘should‘be'Qgséd upon eye levels for the-gerferal-population, taking

into consideration a range of heights. The eye leveXifor whe air - "
users shoutd be considered as a ranyé.f 35- ,‘5&-iqhhes.': TE- ma X jgum.
vertical reach for ambulant disable xﬁe ' The

highest reach of the general-populatiom. - Thé maximuggdertical reach for
people who use wheelghairs shoulll be -cohs¥dered as a’ angﬂifggmgﬁg,fb'zz o
inchés. The raximu Rorwar reach foryambuTa ‘dis'%; speople should ‘&\.
be copsidered as a range from 18 to 42 inffes. T “maxtym forward - - o
- reach for wheelchair users sho e-considered as ﬁ;rahge\fgﬁM\ 8 tg N\
he .

le'éhduld‘b_haasgd' -

39 inches. Forward reach shouTd.be” measurfglp froh -the positTi®h ff e .. -
- Chest while in an upright position apd without .Ld 1ta&sons on. Jeéaning, - ’
© forward. . . . } A .\ N\' s

- .._ 2
[P . . . h

. These anthropometric dimensions should not™b: tﬁ;w;,s?s for specifie™

- design dimensions._ They describe arangéfggéabi"t es withoyt the - I
imposifion or challenge of any task or o jective.'fMorﬁbggr; hex;dg\ggj' w“ |
reflect the needs of several user gnoups together. For éxample, if a~ «
telephone is to be used by.aTL:peopfe,'they must: be convenient,gp;tall
ambulant peop¥e as well as wheelchhir users. ~When such specific design =~ &

". features and goals are considered, meeting the very bottom of the range
of*abilities may npt be feasible, although desirable. - Be

o, S, . e L ‘\')
The findings point out that anthropometric dimensions of. the able-bodied
population interpolated into a wheelchair will not give'a true'picture . )
of the dimensions of reach for wheelchair usérs. Not only is there .great-
'variability among people who use wheelchairs,.but reaching abilities

vary as a’ flunction of task demands and challenges.
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Tables 6A - 6G Anthropometr"lc Measurements (percenstages n parend\eses) o ‘
A, WheeTchaie Users: Highest'Reach%f = 2. e -Ambufnt and Nnbuﬁ\t Seated: ﬁfsm;?c RES@_
s, e o TVgmeg a0
- 4n ii' 36 in '1 o (2-)-. | )‘ ;--’ in ." -' 36 1n ' 1 .- ‘ S]‘) /" |
%" B I T N S 20 S S 0]
42 e 1 @ Y O *
48 4 7) Coas "-n5'4 -_’ -2 | (2)
5 T 9 @) S . . .6 36 . (29)
o e - 30 (319 60 . ‘e - e . (52
¥ g6 \ 7203 . '(5) ' 66 - '72@" | 8 (6)
R S ) N a
o Mjsﬁ_ng data . | o "_l .- (2) - Missing data - | LY _(_9_)_ . '
CTotal e Y59 (l00) Total 125 - (100)
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\, -C. . Standing: Highest Reach
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Senf-Aibulant and ABUTANt STEting: Eye evel - F. Standing™ Eye Level

Equal to or * But less . o o ’ Equla'l' to. or - But less,
Greater than than - - T ﬁreater tl“ than.

=m0 B6inc 0 (o) L 1,, - 84 0 (o)
3% ot o4 b2 e _""54;; s @)
Y T I L BRI s w o Ta ()
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SV Wheelchair Maneuvering o o el C o
' Objectives ‘. - o o ’ ..;;.’ - .f'i '

- Determine minimum dimensions for making a U-turn within an enclosed °

" space without any obstructions and with a“counter on one wall. -
- ‘Determine minimum dimensions for completing a K-type turn within an -
. enclosed space. . - . e R IR

t

- Determine minimum dimensions for making a U~turn around a wall,
- Determine minimum dimensions for making an L-turn from a corridor,

- Determine if a relationship exists between corridor width and the' '
" minimat*clear opening required for making an L~turn from a corridor.

Aéggratus

| Wooden Walls were constructéd that cod]d be used to set up enclosed

¢ qQr the maneuvers-described above. For the 180° and K-turns, two
fixedPartitions at right angles to each othér were set #P. A third wall _
could be moved back and forth to create a three-walled space with an S

adjustable width. A 1 1/2 inch thick counter was installed on the
: moving wall at a .height of 36 inches to the top surface; the counter
. . ‘folded into the wa1l when not in use and was supported by a chain when
. in place. All walls were 6 feet .high. For the U-turn around a wall, the

end of a 4 1/2 inch thick » constructed for another'experiment, was
used, to turn around--np-énclosures were provided. For the L-turn, a '
movable wall, ysed in"the door experiment, was set up in-front of the
door used in the elevator experimeni, tQ provide an adjustable corridor .

width combined #ith an adjustable cjear openinﬁ.

“-
~

* Procedure S, .

U-turn: - Wheelchair users campleted a 180° U-turn in whatever way they
found most-efficient within the ‘three-walled space. Several trials
were completed while the adjustable wall was moved closer and their-
. starting posjtion was shortened, until the_minimim space was found: The
- ‘. istance between walls and the.distance from back wall measured to the
foremost projection of the person's wheelchair, upon completion of the
- turn, were recorded. The same 180° maneuver was repeated with the 36
“inch high counter in place on one side and the space was adjusted accord-
ingly. The counter provided a completely clear space beneath. During
,a later phase of testing, wheelchair users returned .to perform the 180°
maneuver ‘with a 31 1/2 inch high counter that provided 30 - S -
fnches clearance from floor to.underside of countér, R .
K-turn: Wheelchair users comg]etéﬁ a three-point, 180° turn within a..
T three-walled space (see U-turn). One wall wag movable and was adjusted
\ accordingly after several trials until théamifiimum space was found: The
: ' width of the space and the length, measural’ on the.rear wall to the.
. foremost projection of the person or' wheelchdir, were recorded.

* U-turn Around a Wall: Wheelchair users were asked to do a 180° U-turn
around the end of ‘a wall. .Subjects were aligned so that -their .toe or

/ | - .

SR 3
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footrest was above the starting line and the wheel closest to the wall

" was 6 inchesqfrom the wall. Measurements were recorded for the greatest

- width on ‘either side of the wall and the distance needed at the head  of L

the wall. Severa] tr1a1s were made.

L»turn Three clear opening widths--32 inches, 34 1nches and 36 inches
"were tested separately with corridor widths ranging from 5 feet to 3 feet
:until the minimuin conditions, for each subject,. of the narrowest corri-
dor width and. narrowest clear opening was found. "Each subject performed
the more d1ff1cu1t turn, in terms of direction, hence a right-handed
person ‘turned right 1nto the opening so that his left hand was operat1ng
the oytboard wheel of the wheelchair.- ' .

W
SubJects
F1fty-four wheelchair users demonstrated the 180° turn without counters
and with a 36 ihch high counter. Three of these people. used electric

~wheelchairs; Twelye wheelchair users, at all ability levels, demon-

strated the’180° turn with a 31 1/2 inch high c0unter A small group of |,
nine subjects were selected from the total group of wheelchair users

. to complete: the U-turn around a wall, A small group of eight subjects,
selected from the total whee]cha1r group, completed the K-turn. One

. 'subject in each group had exceptiona] abilities. Jn the U-tyrn group,

two individuals had completed the 180° turn in less than the average
- space, while the other seven had all required spaces larger than average.

‘ ”The K-turn group represented a wide range of abilities. In the L-turn,

+

. K-tu

'S .

ten subjects representing a wide variation of abilities, were tested;
six were either quadraplegic¢s or had 11m1tat1ons of stamina.

T_and1ng§ -;, .) S . . | L

180° turn: The testﬁng 1ndqcated that more depth is needed than width,
as shown in Fig. 24,  Also, the:depth required was, for the most part,
directly re];azd td width: requ1red A space 54 1nches wide by 72 inches
deep accommodated most subJee " The maximum space required was 68 ¢
inches wide/by 84 ‘inches - deep. A space 60 inches wide by 78 inches deep
accammodated all butt five of the fifty-four subjects. The 36 inch high
coun}er requ1r¢d nB‘an1t10na] ,neuvering space, P

n: Space required for: the ~turn ranged from an area 42 inches by
43 1nches, to an area 60 inches] wide by 72 inches. deep, as shown in Fig,
2C. © The average 'size- Qf the,a ea necessary was 54 1nches wide by 66
1nchas deep CoL .m,:. b .

L
)

U -turp nd’ a,wa11' The 1argest//;ace requ1red was 36 inches wide at
‘the start side of the wall, 47. inches wide at the finish side of the wall’

. ‘and’ 48 inches at the head of the wald, People who could use their feet

tupned in-spaces’ as«gmall as/BO inches’ wide on eath side and at the
head of the wall.e — »

~ : -
L turn: The dat( is presentéd*in Table 8. Turning 1nto a 32 inch clear
opening, a 36 inch wfde cprridor accommodated. seven of the ten SubJeCtS

32
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but a corridor width of 42 inches was needed’to ac’c0mmodate, all subjects, °*
including those in elegtric wheelchairs.. The three people who could not
. turn into the narrowest clear door width (32 inches) froin the narrowest
corridor -(36 inches) tried turning into .wider doorways. All three were
able to*turn into a 34 inch wide doorway, from the narrowest corridor (36 -
. inches). It follows then that all ten users.could turn into .the 36

- inch wide doorway from the 36 inch wide corridor.

Recommendations e
% . . ’ N . [ .
U-turn; . Rectangular or oval shaped spaces should be provided with a

aepth longer than the width., The minimum width should be 60 inches. . .
The minimum depth should*be 78 inches. : T . _
! _ e , - ' . ‘

K-turn: K-turns can be accommodaﬁgg:ZE less space than U-turns, .. The

~space provided should be rectangyl oval, with ‘a depth longer than
. the width. The minimum width should be 60 inches. The minimum depth

. should be 72 inches.. - S -

U-turn Around a Wall: A 42 inch clearance should be provided on each

side of a wall while a 48 inch clearance should,be provided at the
head end. ) - \

S | L-turni The minimum corridor width for an L-turn into a 32 inch clear
openin& or a 34 inch opening should be 42 inches; with a 36dinch clear
opening, the corridor width can.be reduced 6 inches to 36 inches..

| Maégina},Popdlation .3 e - TN

A1l wheelchair uiers.who can maneuver fndependently should be able to -
- maneuver within the recommended spaces except some hemiplegics with &

manual chairs., The five people who could not turn within a .60 inch
by 78 inch space either had limited abilities in upper 1imbs or had *

. limitations of stamina (level 6-11 or 6-14). They could all.mahage
a K-turn within the.recommended space for a U-turn. f

. . !




gfab1e 8: L-Turn FindihQS'jgprcéntqgés in pafentheses) o :_ - ‘

32 Inch Cf;af Door ** o 34 Inch Clear Dgor_' |
ga Inch s 36 Inch 42 Inch S 48 Inch - 36 Inch -*42‘Ir)ch‘.
orridor ! Corridor _ Corridor . Corridor _ Corridor _.Corridor
Succe?ﬁful 4,10'(fqp)" 7f (}0) \ 3 (100) - 3 (190)' 3 (100) 3 (100)
insuccessful 0 (0) 3 (30) 0 () - o (@ o (0 o (o) -
Total = 10 - S o Total = 3 -

4

Y

Note: - Only subjects who could not complete the turn with a 32 inch élear opening and
’ a 36 inch corridor were tested with the 34 inch clear opening.

T
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Speed and Distance L L f f:'1m4{c:~.f¥%ir"5 \ : . '
Objectives . . ooy D
. . . . : .. .. N o
e B T U
- Detarmine max imum travel dﬁstances.fOnipeopﬂgﬂwith“11_ftat+qns of CoL
»Stamina. e o BRRIARRI S R
-~ Determine rate of travel for walking on.level terrain. . SRR
Apparatus - ‘ s B

A distince of \100 feet %as plotted 1nfa,$£rézght line ona Tevel con- + .
crete floor. Using 5 foot high characters,:
on a wall located at the end of the course, .- _
- A ) , . . - ‘ “I,'
- Procedure - Cvl e AT U T RRSE

o . o 7 .

From_tpe starting line, subjects ualkédfoﬁ'Wheeiedjtoﬁfhé:endibfwfhe .
course.._They were told to walk or wheel at a'norma]ipage~as'far as they ..
could -but ™o try and reach the end of the course.,.TotaquJgpgpd;timgﬁﬁ;f;j._f

- Was measured with astop watch, “No SF°PP*nsrqu*ailpyeg;,ﬁ-\ - e
‘ S b.&ts . N ' . ‘ .'.. . Q ) ‘ ‘_' " ,- - .. .1. o B .
2ubJects - R . L

Thirty-four people who had perfarmed at aowidé-rangé quabﬁTTty:Jéyeisf“ St
“*in the £irst phase were tested. . TwentyAsix'whee}chair'userSTfrom;a1qf SRR

wheelchair ability levels were tested. In addition, two walking aid . = R4

users, two péople with ‘stamina probTems, two pepple with;bq1§nge;pfpb*§w E
- lems and two able-bodied people were tested. o If. R S TR

Findings | o SO e T
The average time.necessary for wheelthair users to travel the ‘100 ¥aet: - "% v
+ . ¥as approximately 65 seconds with a minimum time -of 27" secénds ‘(elece = = ° -
7tnic.whee1chair) and a maximum time of 175, seeonds. »The average time® i Tl
for the ambulant people, those with walking aids and those wjthﬁbg]&ﬂqeﬁﬁ NI
or -stamina problems was 75 sZcongs;‘but_several needed over?’ minutes.: . °
Jwo people in wheelchairs could not travel the.fyll distance (their -

A
Casb

maximum distances were 42 feet and 50 feet) and stopped{bécauseapf;-_2\ ; T

fatigue, .

‘Increased travel times between two ‘points are required for many dis-

.\ abled people. *Times should be calculated using an average rate of .
“travel of 1.5 ft/s, which would accommodate most, but .not all people. o
“Where many slow moving people are expected, such 3s .in housing for :

the elderly, times should be calculated ustng a-rate of 1 ft/s. Over-
all times should also‘include_tolerances for resting; One hundred
feet can be used as a maximum distance of travel bd® en’'resting areas
) ‘\gheie such a measure is needed, For 'short distances, rates are not
ignjﬁdpantly different (see elevator results), . '

4

.
3 . . N . . .

khe nuitber-100.va ¢ painted, < 1"

-1
e .




. o . oo N :
“I+avel times-can be used to generate distance requirements where it .is
“ v desirable to reduce exposure to bad weather to a minimum or where util-

.
o

* " {zation of facilities is based_on convenient distances, such-as.shopping'

.~ malls, -Disabled people should not be ‘forced to travel for Jonger times
+ . than able-bodied people. oy - . '

v Marginal Population e

.

- *A-few people who use manual wheelchairs and also have low stamina or
- 'rgstricted use of their arms may have to rest along a 100 foot path of
. .travel. Many semi-ambulant people, ambulant people-and people who use

.~ wheelchairs who have low stamina will ‘travel at a rate Slower than 1.5 .
C e ft/s. o | | .

>

‘.

“
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Table 9: Rate of Travel Findﬁngs

. \

Time to'Tfavell- - Rate ..' '.uheelchair . Other Able- - |
100 Feet in Seconds of Travel . . Users? . Disabled Bodied Tota]
0-33 . E "' at least 3 ft/s 5 | . 2 8
34-50 .. . at.leasf”z f%/s .10 T 0 1
5167 . . at least ‘I‘.Sfft/S- 1 0 0 , ]
68100 . ag least 1 ft/s 2 RS 0 .3
101-133 o at least .75 Fi/s 2 1 ",q .'\ 3
134-167 ‘- at.least .6 ft/s 2 2 0 4
168-200 " at least .5 ft/s | 0 0 I
Nuli performance. . , " . 2 1 0 { é
Missing data SEEE "1 0 . 0 1.

‘ Total 3 % 6 2 34

- ‘ . . -t

aIncludes twozwith exceptional abilities,
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Push-Pull Forses . ' S

_Procedure

Objectives -;} A o J{ , B

= Determine maximum.forces that peob]e‘with 1ﬂ:1tat10ns of stréngth cani i
exert against‘goors and wjndows. N _ : ]

Apparatus e B D s

A device was constructed that could be mounted on}wa]l in a vafiety'

of positions. A wooden, push-pull bar was mounted '0n a wood plate that -
%1id in channels, similar to the tracks of a window. The moving pieces
were lubricated with wax. The push-pull bar activated a force. gauge,

4
¢

Subjects demonstrated methods for operating sliding‘.hd double-hung win-
dows, using right push, right pull, left push, left pul] and vertical g
pull faorces applied to the apparatus. The same motions, except.for .
vertical pull are used to push and pull doors open. In lateral, push-

O,

. pull operations, only one hand was used while both hands were used. in

the vertical pulling motion. Readings of maximum force exerted were
read off the force gauge. S -
Ssubjects S o

People with-réachiné; hand1ing, stamina and balance prob]&ms as well as
people who use walking aids and wheelchairs ‘were tested. Abfe-bodied
people were also tested.

Findings - ’ . v
Table 10 presents data collected for th‘ five push-pull forces. Thére

_+is.great diversity in the abilities of people within both major groups

of subje¢ts for the five. types of applied forces. Approximately 23 to
30 percent of ‘the wheelchair users could exert forces greater\ than 15

© pounds in all positions; whereas, 39 to 44 percent.of all the other dis-

abled subjects could exert forces yreater than 15°poufids in aTl positions.

Recommendat i oris SRR

Operatind forces for opening doors and windows_shdﬁld be as Tow a§
technology allows, preferably below 5 pound-forces. Door closers are

" designed for minimum closiflg force. They operate by storing mechanical

energy in a spring or pneumatic chamber as a door is opened. Since
they do not operate at perfect efficiency, more enérgy must be put into
storage than can.be taken out during the‘closihg phase.. Thus, it will

~ always také more force to open doors with conventional closers than

their minimum closing force. Closing forces for closers used on exterior

- doors, .s'recommenqu by product manufacturers, are often larger than 8

pounds. _ : -, . -

v
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,Marginaf;fopulation
/ K

The disapility groups w‘ich were unable to apply a force of 8 pounds were
those. in/ the categories who have difficulty 1ifting and reaching, the
group with both difficulty 1ifting and reaching and difficulty manipulat-
ing fingers, wheelchair users who have poor stamina, those who have dif-

figu]ty bending, kneeling and getting up and ‘down from chairs and finally,
. a few afmbulatory peeple with poor staminat; '
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Table 10: Maximum’ Push-Pull Forces in Pounds (percentages in pare'nthese%) _'

» 2 - -t
"ﬁir' ~ Vertical Pull - Left Pull - Left Pushj Right P /;l a Right Push | \
Max infem > ¢ Other %\\ Other ‘ Other T i Other ~ ] Other
Force @bf)_ w/c’_ Disabled ‘\»‘H/L' Disabled w/c Disabled w/c : 'Di"s'a\bled' w/_c Disab_led
Equal t(; or But less . ‘Y\ ‘ .\ |
Greater than than -, - : : . - T : . : .
/ 5 7 03) 10 (9 6 (M) 13 (2 3-(6) 5 (5 7 (@) 1 03 B (6 3 (3)
5 10 "»;19 (35) 28 (26) 19. (34:5)\ N (29) 1‘5‘("8) 34 (31) 20 {38) 9 .(17) 16 (30) 31 (29)
10 15 © 7 13 (25) 2 (26) 8 (15) 23 (21) 15 (28) 34 (31) 14 /(263 32 (30) 18 (35) 3 (30)
5 . 20 7 (13) 8 (7)) 5 (9) W (13) 10 (19) 14 (13)  6/(M) 14 (13) 7 (13) 21 (18)
20 25 3 (6) 9 (8) 10 (19) 15 (14) 4 (9) 14 (13) 3, *(6) W o3 s (9) 12 (M)
%5 4 @ 15 085 9) 12 (M) 6 (N8 () 3 (6) 15 (1) 4 (8) 10 (9.
Exert 8 1b maximum 23 _(43) __3_2__@)' Qi‘ (43)‘ 384 (35)° 16 _(30) _3_1__(_@;) 24 (45) 30 _(27) 16 Lag)__g_s_ JQ)
Total - 53 (100) 18 (100) 53'(100) 1087(100) 53 (100) 108 (100) 53 (100)-108 (100) 53 (}00) 108 (100)
. e : L : SR
Ywheelchair users. . ’
1 , / ‘
b " & . © T 0y
', | o . :
(J\ y 12) . Lo,
’ K | ' 2 . .
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A 40 foot ramp could EZ adjuited to any slope..

- During the firsg/ﬁﬁ;se, 124 disaBQed peop]e‘were tested acaording to

- ‘the ramp;” distance traveled, time of

Ju-ge_jl_

ObjectivesJ

- = Determine the maximum slopes that can. be managéd.-', .
- Identify relationships between stope and length of ramp.

&

Apparatus ' - . N o N e

t ]

The ramp was marked in .
| foot intervals. It had handrails at both sides, mounted at 32 inches’ -
from the surface of the ramp. There were curbs on bbth sides of the

ramp 3 1/3 inches high. The-clear width.between curbs was 48 inches.

The ramp surfacé was untreated plywood.
Procedure - : e S _. -

Although objectives of the résearch were to determine maximum slopes :
that could be managed, we also had a concern for the energy cost of

. using ramps. Extensive measurement of energy expenditure under con-

- trolled atmospheric conditions with standard clothing was not possible, .

' -but heart beat rates were measured to determine when subjgcts~had over- s:“

' extended themselves in using the ramp,

h )

The fémp Was_injtially set up at a 1:]? slope. Al subjeéts who had - ¥
unsuccessful trials with the ramp at 1:12 returned to test a ramp at

_ -'1%16. Those who were unsuccessful on that ramp returned to test a sldpe ,
.of 1:20, . _ . _ ’ T

; - N L S | S
Subjects PN ‘ - )

[

Table- 11, Eighteen people returned to test the 1:16 ramp, whereas

three wheelchair wsers came back - onc again to test the 1:20 ramp.
Pulse was taken while the subject was at rest. = Subjects negotiated v
_ ravel and probléms they had were . -
recorded. “They then came down the ram . Pulse was taken 1mmﬁd1ate1y
after’descension. After a two minute rest, the pulse was taken once

moré. The Limes necessary* for the pulse to return to normal was recorded.
If the user encountered excessive time delays during his negotiation
,0f the ramp, or if after task completion the pulse rate had not returned
.-//'to within ten beats of, the resting pulde, the task-perfgrmaqce was

]

i

_Jquedfunsuccessfql. a

Findings 4_' K e lf :‘ : \f SRR _:1'

\

to negotiate the full lehgth of the steepest ramp (1:12). Approximately
" one third of the test sample could not complete a,distance of even 5 -

feet. Sixty-seven percent of the users unable to-manage the 1:12 ramp
were able to travel at least 30 feet of the 1:16 siqpe ramp. Every:
member oflthg wheelchair user group, lnc]uding‘quadrip]egigs was able to
. . * . . . -. lI" _ ‘_x
o2 .~

-.As seen in-Table 11, ..almost half 6f the whde]chiiruusers were uhab]e S

-




.'3 complete the full length of the ramp with a l 20 slope ‘Many subjects
required a very long time to negotiate the full length of the ramp at a
slope of 1:12. ’ . ; :

-~

Ralllnqs were rarely used as direct mobility assists by wheelchair users.
. Only one-or two hemiplegics in wheelchairs pulled themselves up the ramp
~ using thewrailing at the side of their more useful arm. Railings were -
used by others, however, as course correcting guide rails both during
ascent and despent of the ramp. , Semi-ambulant and:ambulant people almgst
always used one or both ralllngs._ Wheelchair users who have limited use
of their feet, mSy often use their feet to help propell themselves up a
ramp. A successful _method demonstrated by several people was“a backward .
ascention, keeping their weight toward the head of ' the ramp as they pro- -
pelled themselves with their feet o

JRecommendatlons :\\

Because of the wide variation.in abilities of wheelchair users- to
negotiate - ramps, alJternatives to ramps should be epcsuraged. Where
ramps are used,’slope/length should be inversely related. Table.l2
~ shows recommendatlons for maximum slopes and length of ramps. Railings
should be provided at both sides, Méans to insure that wheelchai® and
walklng aids ' will not s1ip off ramp-edges should also be provided. .

_Marglnal P_pulatlon . - : \x

While all subjects 1n the wheelchalr user groyp were able to manage the
shallowest ramp, it was clear that steeper slopes present problems to
‘subgroups within the total ‘wheelchair population. ‘People with }1m1ta-
tions of* stamina, hemiplegics.and quadriplegics all may have difficulty
with ramps. steeper than 1:20. Some ambulant users with stamina limita-
tions and walking aid users may also have difficulty with steep ramps.
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Figure 5; Ramp Slopes Tested .
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-‘.Tab.]e 13:  Maximum Lengths and Slopes for Ra@‘wé_ys-- | . '

. o
¢ . ) . - T, ) ! : ] \
1, - - o g 4 -

'A,llqwable Horizonta) a Ma x imum Horizontal Pro<  'Maximum Rise of N . T :
Projection for Rampways Jjection of Each Run -, aSingle Run- : . b b
(in feet) » (in feet) 5 . (_n 1nches) Allowable Slopes of Rampways

2 2 - Y3 o0 7 If slope = 12.5% (1:8) or less steept .
- . . . s < o

8 8 N~ 9 If slope = 10.0% (1:10).or less steep®
60 ) "30 - ¢ | 30 R Istope = 8.3% (1:12) or less steep

. : ] o - : . .

160« ' 40 : - S 30 =, ™ If-slope = 6.25% (1:16) or less steep

3 . . . ) . NN - e ’.' . ‘ .‘; “ A

- < > . T D

‘A rgmpw:y may have more than ‘one ramp. rur). landings are. not counted as part of total allowable horizontﬂ ', .
pro ection, ) _

bA11 slopes taken from a h)izontal plane o ,

- . ~

cBased on research of others (Templer. 1977 and-Wa) ters, 1971)
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~, location for -them. .

. for flush controls at the rear wall. .

\ . . . . . ;.:a\ B . . .
® v . . : : )
: ~ r/ '

Toilet R S S o

- Objectives &, |

L}

. . . - ) :.. . . L . . }. ] -
- Deterﬁgﬁe the_winimum dimensions for toilet stalls that will accom-
‘modate“all u¥ers. =~ ° o ' ' '

.- Determine comfortable hefghts;for'toilets satisfactory for bothﬁambu-

lant and non-ambulant users, if ,possible, {
- Evaluate the need_for grab bars at toilets and determine the best

B

- Determine the reach 1imits of people for estabiishing the location of

«

toilet paper dispensers and flush controls.

Apparatus . ' - . o .

A wall hung toilet was mounted on a device that allowed changing the\
height rapidly and easily. Toilet seat heights were adjustable from
15 1/2 inches to 1/2 inches, measured to the top of the seat. Four
sets of horizontaPgrab bars were mounted on movable walls at either
side of the toilet. These bars were 1 1/2 inches in diameter. and could
be pivoted out of. the way so that only one bar at a time was available
for use. The lowest grab bar was mounted at 27 inches on center and

- the three other bars-were mounted at 3 inch .intervals to 36 “inches,.
.measured from the floor to the center of the bar. A single horizontal:

bar was maunted 18 inches above.the toilet rim on the rear wall. The
walls were parallel with the toilet and could be moved from within 12
inches-on center with the toilet bowl to 48. inches on center with the
bowl. A1l bars and.the walls were marked with a six inch grid. A
grid was also painted on the floor. S

Procedure

1

In" the first phase of testing, subjects first demonstrated how they

* approached the toilet before sitting down or transferring. The stall

width was then adjusted to the minimum size necessary to accommodate
their particular technique. The stall width was not adjusted narrower °
than 36 inches. The toilet height was.set at.14 1/2 inches at first.
Subjects then selected bar heights with which they felt comfortable.
Initial trials were made to evaluate the seat height and grab bar

height selected. Adjustments were made until optimal, or most comfort- .

~ able, conditions were found. On each trial, seat height, stall width and

hand placement on bars.were recorded. Maximum reach measurements were
obtained for toilet paper dispensers along the'c]psest-side wall and

.

Q

In the second phase of testing, wheelchai Nisgrs who had used excessively
wide stalls and walking aid users who had narrow stalls in the first.

. phase, returned to test 36 and.48 ihch wide stalls with four different

grab bar conditipns. In each stall, the toilet was positioned so that
its centerliné was 18 inchés from one side wall. The remining@ 1l was

‘set at 18 inches and then 30 inches from the Bowl centerljne. The four

grab bar conditions were: A) four bars affixed at each side as in

60 |
[
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C) a swing away bar on the wide side of the toilet, and D) a conditio
. .where grab bars were available on oq1y one side. For all conditions, ‘
. the toilet seat height wad fixed at’17 1/2 inches to the top of the seat. | o

previous testing, B) a mass.produced toilet seat with integral assistj, 'f.

| . M

' Subjects o :

In the first phase, people in all categories at all levels were tested,\
including eleven able-bodied subjects and fYfty-eight wheelchair users,
four of whom had -exceptionally good abflities. During the second phasé.

of testing.pigg subjects who needed either excessively wide or flarrow
stalls returned to-the laboratory for further testing. Two of these
peop]e/had not been in the first phase sample. oA w_v/ﬁ"’?dhw'@q

Ay ﬁ/. - I
Findings o | ' kf,

Results #or the first phase showed that 31 percent of the total wheel-
chair user group could not complete toilet transfers. Of the forty
wheéelchair. users who could transfer, nine people needed stall widths
larger than 48 inches. Figure 6 illustrates stall widths for all sub=..
jects using their optimal technique. A seat height of 17 to 19 inches
was most often preferred. B Y '

Grab bars at heights of 33 and 36 inches on centJV were most preferred, "

. as illustrated in Figs., 7A-D. Bars were used mosﬁ often starting 18 = A
inghes from the rear wall to four feet from the wall, as illustrated in

; Figs. 7A-D. The grab bar at the rear walT.was us¢d by ambulant people and
wheelchair users who could stand to transfer. Reach limits to the closest
side wall extended from 36 to 42 inches from the re all at a height
range of 30 to 36 inches from the floor. Reach Vimiigto the back wall
were within 12 inches of either side of the toilet centerline and above 6

inches from the top of the toilet seat.

In the second phase of testing, all subjects were abje to complete a
transfer to'the toilet within a 48 inch wide stall, as seen frof Table 14,
Several people who normally preferred a side transfer technique could
perform a diagonal -front transfer but indicated that it was more diffi-
cult. The integral seat grab bar was the least preferred grab bar ,
conditioRt as the bars were too'low for most users (9 inches above the’
seat or 26 1/2 inches above the floor). - The bar supports became obStruc- .
tions to people using diagonal front transfers. The swing away bar was
useful to both semi-ambiulant subjects and wheelchatvusers. The can-
struction of the bar, however, caused a slight movement at the grasping

: end ‘which made several people uneasy. When faced with the restriction

«  of .grab bars to only one side, subjects selected the side closest to the o

* toilet {18 inches from bowl centerline). This situation-was usable to .

most wheelchair users since their wheelchairs served as an additional
assist on the other side. Ambulant people with balance problems, users ,
-of walking aids, and wheelchair users who stood to transfer expressed an
uneasiness and preferred bars on both sides for security.

~

* - ~We were concerned not only with the width of stalls as ‘they accommoda ted

\ : : : .
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tthe various types of transfer techniques, but a]so as they are r91ated

they will accommdﬂate a11 sma]ler 1nd1v1dua1s

"located on the close wall, no more than 36 inches from the back. wa11

to other aspects of usé, Table 16 shows various stall sizes and how th
accommodated’ the various transfer techniques, allow the user to easily

. close the stall door before transferring and allowed use of the stall

without folding the wheelchair to move it out of the way. The depth .
dimensions were establiined by intensive testtng with a large’ male (95th
percentile) using a wheelchair. Since these size constraints are greatest

s
|

-
1
]

In our sample, there were no quadriplegics with spinal cord injuries at

the C-5 or C-6 levels who transferred onto the toilet.. Many C-5and C-6
quadriplegics can transfer. Bars on both sides of ‘the toilet at 18 .inches

~on center with the bowl can be helpful to these people since they can -

use both grab bars $imultaneously tg 1ift themselves forward onto the~ .°
“toilet, using their shoulder strengsh with forearms pressed along the

bars. The close-in-bars on both sides also help to maintain balance.

However, most C-5 and C- 6 quadriplegics are not taught this method and

a wheelchair next to. the toilet of the open side of a 48 or 60 inch wide

stall can also serve to maintain balance. A pivoting bar can prov1de )

a close-in grab’bar on the open side of a wide stall when needed.- How- -

-ever, most bars of this sort havé unacceptable "play" in their mechanism.

and the bar can be an -obstacle to those people that don't have: the -
strength to move it outeof the way.

Recommendat1ons c e S ' !

»

' The width of?; to11et stal] should be at 1east 48 ‘inches with 30 inches. A
from the bowl-centerline to wall on one side. Grab bars should be located on both “H

sides ' between 33 inches and 36 inches high on cepter. Although few. ‘
subjects used grab bars between, the back wal] and 18 inches from the | B
wally an extra 6 inches would provide a measure of safety. Likewise, ‘
bars that extend 54 inches frgn the back wall also prgvide a measure of o -
safety for a person who may be falling forward as they transfer off the

‘toilet. Thus, side grab bars shquld start 1 foot from the rear wall and

- . be 3 feet long., A bar should also be installed along the rear wall at

the same height as othgr bars. The minimum depth of a 48 inch wide stall
should be 66 inches. Mf'a 60 inch wide stall is used, the back grab bar ~
should extend further into the open space next to the. téilet to give '
support to semi-ambulant people. In a 60 inch'stall, the side fu{thest
away from the toilet does not need a grab bar. The 60 inch stall can

be a minimum of 56 inches deep. Toilet paper. dispensers should be

and between 30 inches/ and 36 inches high. Flush controls should be’:
located on the wide side-of the stall. These basic recommendations for :

. toilet stalls can be used for toilet areas in residential. g‘thFOOQS as. ‘
' ess they are S

well; however, the grab bars do not need to%be 1nsta11ed u
needed by a dwe]11ng occupant ‘

¢ : ﬁ
Marginal Popu1at10n A R "
The 48 inch wide toilet stall will accommodate/all wheelchair users who -
normally transfer onto toilets. Because people who did not transfer - -,
- : ‘ ' o \ L o0 U

el
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came f;om virtually all'disability 1evels.‘the 1s$ue'8f.transfer seems

. related to previous training. or personal preference and not strictly

reélated to the level of: disability. ' Thus, many paraplegics with strong

. upper extremities, capable of transferring, choose not to utilize pub- .

lic* toilets, whereas some quadriplegics regularly transfer even though

it is comparatively more difficult for. them.

N
'
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" Figure 6: Minimum Widths for Toilet Stalls
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F1gure 7A: Use of Grab Bars at the Toilet - R1v'gh.t'wlaﬂ. Hh]png __A1d
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' { Figure 7B: Use of Grab Bars at the Toflet - Left Wall, Walking Ald Users
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Figure 70: Use of Grab Bars at the Toilet - Left Wall, Wheelchair Users .
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Bathtub

- Objectiyes - | . C :
- ldentify location of grab bars for cdc;enient use by all users.
- Determine range of grab bar heights that accommodate all users. -
~ Establish reach 1imits ‘from seated position for determining. loca®ion
of soap dish, controls, etc; © -
f- Determine need for seat at end of tub. S .

- Petermine space clearancés required for transferfing_into tub, - -

- Apparatus

Multiple sets of grab bars were installed around a.rstandard 30 inch

" by 60 inch bathtub. Grab bar. heights statted at 30 inches above the
floor and increased in thiree inch intervals to 36 inches, An addition- -

- al horizontal grab Qaﬁ was located nine! inches above the rim of the
tub, or 24 inches from the floor. All horizontal bars were continyous

- across the head, \back and foot walls of the tub.. Three vertical grab-
bars were installed:. two 2 foot long bars on the side wall, each 18
inches from the eNd walls, and a floor-to-ceiling bar that could be.
located on a 2 1nc§r1nterval anywhere against the front rim of the tub:

?

Head, side and foo% walls were marked in a 6. inch -square grid pattern

*for the purpose of ! ecording areas of reach’(see Fig. 9A ). The. . :
floor in front of the tub was also marked with a 6 inch grid’ to deter-«
mine required space ‘¢learances for transferring from a wheelchair. In

the second phase, a 4 inch high platform ip front of the tub simulated

a sunken tub with an 11" inch high rim measured from the floor.

I»

'Procedure'.

In the first phase, subjects transferred into the tub. Chdirs were .
:made available for placement in the tub and/or outside the tub. Also,
a board was available tp straddle both chairs if desired. Locations
of chairs placed outside the tub aqd locations of wheelchairs were reL
. corded. Hand placements an lateral and vertical grab bars were recorded
as used, Measurements wére recorded for highest left andkight reaches
on foot and back wal})s from a seated position. ’ -

In the second phase, ambulant user§ reached to foot and side walls'
while outside the tub and| tested a sunken tub. Wheelchair users reached
to the foot and side walls while outside the tub. - ' .

. Subjects T \ : 3 \

~People in al1 disability levels were tested fn-the first phase; the .

- total number of disabled subjwcts was 187. In a second phase of testing,
six ‘ambulant. people, four of whom had difficulty bending and kneeling -
returned to,test a sunken bathtyb. A four inch high platform reduced

“the height of the rim to approximately 11 inches.$ In agdition, five
wheelchair users whoscguld use tubs returned to st areas of reach |

" while out'side the ‘tub. SR ‘ '
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Findings - o | -k
Thirty-three wheelchair, users of the total 57 member wheelchair sub-sample
did not test the bathtub because they did not use a S E
bathtub (asqbath or shower) in their home, These people included quadri-
- plegics for the most part, but also included people who could, transfer . .r
but did not take baths as a matter of personal preference. A*bu]ant o v
‘users who elected not to test the bathtub were often either hemiplegics o
.. who could not negotiate the rim-of the ,tub, or frail elderly persons with ~ - -
. stamina or balance prob]e?s who feared accidentg while using the bathtub. ~*

 While the lack of water and soap provided a more slip-resistant ‘surface R
than- in actual use, the benefits of water bouyancy were absent. With
dry hands, however,‘users were much more able to maintain a better grasp
on.grab bars than they would with wet hands. ' - . .

The horizontal grab bars which were used most often were those at 36
‘inches abeve the floor and 9 inches from the rim.of the tub (see Fig. 98).
Bars on all three sides of the tub (head, side -and foot walls) were used.
Bars at the head and foot walls were most frequently used as stabilizing
aids when negotiating the rim of the tub. Center portions of the bars
on“the side wall were used when standing and when raising or lowering

~ into the bathtub. The 36 inch high bar was used as a stabilizing aid
while standing in the tub by both amhulant people and wheelchair users

[ who could stand.. The 9 inch bar was used to lower into’the tub or

/ raise up from the-tub. The lower bar was also used to pull close to the
’ foot wall  in order to adjust controls, . .

Hand placement along the vertical bar was ‘usually 24 inches to 54 inches L ‘
above the floor, with most wheelchair users utilizing the segment between.- ., Lo e
24 and 48.1inthes.’ Most areas of foot and side walls surroundipng the. - - e
tub were reached, from a.seated position in the tub, to a -he fght of" 33 vooee e
inches above the rim of thé tub. " SR |

«

. .. .
v L A DR °
. N

People transferred from wheelchairs in both'paraTJe1fand!fronta1 approgcheaij‘ <.
- A 48 inch by 48 -inch. square in front of ¢he tub w11 aceommocate spatial. , -

needs pf people who use beth trans%gr techniques (see-Fige 12 *). People

who could nat stand to transfer, génerally aséumed a trahsfer approach :

parallel to the rim of the tub and transferred girectly to the’rim. A - °

seat at the rear of the tub was benefj

method. . S
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- Results of the second phase;of.testﬁég'Shoﬁqquthatga11 six‘ambulant peppler - ..
could.reach the side wall of,theytupfwhfle‘qutsige“tpe=tqb:f They could .. =~~~ ~.-°
reach a line 6 inches above thé rim alony the side wall. ~They coutd also R
reach the, same height on the foot;waﬂ};,-Suhken dubs were not preferred . - . ¢
by ambulaﬁt\users maintaining balante. Four wheelchair users were tested L
in reaching from outside the tub.’ None could reach the 'sidd wallgof the

tub from outsjde the tub. They could, hdwever, preacha line 6 in ess) ) o




Recommendat ions B ‘ . : T e i

" Horizontal ‘grab bars should be placed on the three walls of the ,
tub. Two bars, ‘each at least 2 feet in length, should be  Yocated P -
.on the side wall, starting 1 foot from the head wall. These bars SN

should-be located at 36 inches from the floor and 9 inches above . . -

- the rim of'the“tub\ Horizontal bars at the head and foot end

" oF the tub should be 12 and 24 inches long, respectively, and should

be placed at 36 inches from the floor and be.aligned with the front
rim of the tub. A horizontat bar would be more slip-resistent than

~a.vertical bar for use when negotiating :the tub rim, but the

horizontal bar must be placed along the wall or it becomes an c T
obstacle, , . . _ - . '

'Nheh“accéss is parallel ‘to the tub, an unobstructéd floor space

of 30-inches wide is néeded, while perpendicular access requires ) AR .
a space 48 inches wide. Controls at the foot ‘erfd of the tub, * e
within reach of users outside of the tub are preferred, as such .

a location permits testing of water temperature and filling of ‘
the tub before getting in. . - N Rt

Marginal Population , ; s !

_ In nearly all thé disability levels o& wheelch"r;usékb, there .

were some who could not transfer into the tub. . However, the g ..
highest concentration of those who could not transfer was that :
group who have three or four 1imbs affected” and those who have
Timitations of stamina. A smaller number of,sbmi-apbulatory,people

could -not transfer into the bathtub. These were peﬁple;who use .- :
walking aids as well as a small scattering of peopl® in other dis- - '
ability categories who, in most instances, were indivi¢uals with. ¢
multiple disabilities. - - Cod . :
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Figure 9A: Bathtub Grab Bar: Testing Appardtus - Plam . .




, . . '} . ;.
£, ' )

Figure 98:, Batht;’ﬁb Grab Bar Testing Appgratus' - Elevations
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Figire 10C:. Use of Grab Bars at-Foot Wall
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proach to. the bathtub, .If a

seat is built at the head.end:
‘of the tub, or if a skat a-
- cross the tub is placed at the:
' héad end, additjonal space be-

g',.

. .'A'_-'.' H
The bathtub rmm serves as a’-
resting p]ece dur1ng transfer
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User' assumes a*parallel ap- ‘
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'a htpd the tub.is necessary to . °
".align the wheelcnair for easy .
ttransfer. te, e i
The vertica1 grab bar in a ‘
. postidh Lo ajd semt- ambu1aﬁ&
peop]e would be an obstqp]e
to this person. ‘ T :
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“when 1ower1ng 4nd- rais1ng N L
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. JURTRAT PR L N
L ' Objectives N
: L e . "' ) :

. s |
.7+ = Compare " the 'gsabil _
' = Determine-the minimum width required for shower stalls:

-,"'x
! =

Apparatys " ix ML :
‘Station was modified into 60 inéh wheel-in and 36

. The bathtub:testing s |
(v Inch conventignal shower stalls by femoving the bathtub. In conjunc-

- tion’wﬁtq§;he’Whee]&tn stall, ﬂﬁber oard mock-upS of a toilet and sink
were built;; The-toilés was. 17 iinches high and the sink was 18 inches
deep-and mounted ‘on the;wall at'a height of 32 inches tp.the rim. o

qﬁgfﬁjther_dffthese mockw«ups tould be positioned dext to ‘the shower space
Gl °tQ?$?muJateatwo-diffekent-?lbor_1ayout:conditions in bathrooms: -A)

'

.. -@ssumed that the shower stal] would be at one gnd of the ba throom gnd ‘.
ot that the width of. the -hathroom would be five flet’ The shower was’ . *

o e Lonfive feet 1org an&;its,wjdth_was variable, A1l layout conditions f”ﬁﬁ“.
'ijwéﬁ:_ -ﬁa5sumed-that'entry to.thE-showeruspace would be through.a 34 inch space=« . -

S S thé;difference-petweeq_theAnﬁnimam 60 inch bathroom width for typical . .
'rvw:A;_QﬁéiTpﬂs space was alorig:the "$ide of the bathroon opposite sink.and toilet,
au kT Grap bans.wevaﬁdentical to those used in the ba htub testing station,
ol _::'“’ipﬂthtiheﬁonﬁsstQ“of the vertical.bar. - o L E.

e -
-

?f},Qii?};ff;ﬁfﬁﬁfést%hgftﬁé'36~inch shower 'stall, a’sea’t Was provided in ‘the shower'

-
P R

“go 4. has shown in FAg. 7 134, - The seat was ‘17 1/2 inches high and- 18 inches -

Lt ,?.L: - deep: “-Dye to the presence ‘of grab bars. above the seat,. its effective.

s T depthiwas 15 Tnches. - The seat was 30 inches Tong. A 4 inch curb could:. ::

4 '“§ﬁ in§§§E1éh%a1ongfthé;shower.space.edge. ;
s ' o FRE A ""._-' W . .,:. A R ,. -

. ‘. TN ERA i — o - R N o . . 3 .
‘I-; B .",- Procwuré‘ R U E .. e.
S RN __ 4..___'4'_.__’__‘___'_. . . i

3 . . N .. -

T, ' . e e - : -0 o .
. V..t Wheel-in shower . Subjects first were tested with a wheelzin ‘shower (no

'f;{(;*}; . curb and. no seat):. They approached the shower space through tte 34 __: ;_‘

j@jncnngléég“sbége, made &t L-turn into. t e-shower area and then came
back gut-+in anyway they wished, S S

i " Tiditrials whr!tﬁ&dé,%bne-wjth”fhg_sinkgand a second with the toilet

| "R 1"inst%1]eq,adj§._dtg;o'tneZShower. The-sipk and tojlet were installed -

N "?;”‘1njtﬂa]ﬂyﬁ@t'd{ﬁtan&eS'Qﬁa30'inchas‘and 36. inches, respectively from
ST Ta. the backfwi11’bﬁ*th6%3hqw9r.:“If the width of the ‘shower space was not .
A xﬁsdffici@hﬁ-ﬁi{thgsedi§tances,‘the'tqiletQOr'sink was moved byt until a

?;«%ﬁ'; ;w*gbn?enigp,.widthtwas gStainshed;‘*Use,ofygkab bars was recorded as in

By s ;ng;bﬁghth_and’tailet'stq]l'éxperiment§4 S PR S

..'._'
R -
-~

SR C‘di‘i‘v'enfiona'i"-sﬁ&ggr:_é"t&] T: “Subjects approached the" shower stall in the
LSRN 'kmgnnen;eas1e§§\toﬁthem;'fIhéy'WQreaphen;astdgto.trnnsfer onto the shower
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Y}”u“twicq,fwith};hétcuﬁb.1n3p1ace,andfw1thjthe'Curb rgmoved.  Wheelchair
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ty'oﬁ£§&Whee]-in shower with shower§ﬁhaving 9“Curb; -
SR f,'“L’-tpi]eb;geXt*tosa shower ‘and B) sink next to shower. Both conditions - il

:fullfbathrboms-aha 26 ‘inches, :the depth.of a typical resjdential toi]et;--
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s ’\HTen wheelchair users were_ tested at the ‘wheel-in_shower. Nine of these

. -IJV.JQ, ubjects were hemip]egics or pecple with bending, turning and stamina .

L ¢ o L O Vimdtatdon. (Six of thesespedple were tested in transferring-into the 36 - ; éi

‘?ﬁi;fiiw;_m1nch shower:with and without the curb in p]ace. Four were paraplegics .
e f’ and three were hem1p1eg1c§ Ce e | . ) ;

“ .

I , o

- thel~1n $hower¢ Ihe 34 1nch wide entry space was suff1c1ent for all

o ugers With a:toilet adjagent to the ‘wheel-insshower, a distance of 42
”fnches from the back wall.to the-edge of the:bowl was necessary for -
yeyery. person to turnin and exip out of: the 5hcwer space.” A’sink set™
Jat, 367-inche’s from the back ‘wall allowed ‘Bvery.user to:turh into and exit =~ - .
- from the shower space. Most subjects tould turn -around in “these spaces - -
needed: to ‘enter the:shower.™ The difference in: 2yequired width of the |

- Stall area was due- tp the -use o? the clear space undek the sink for man-
;euver1ng R o R R - ) .

L '-_-_~_,]_‘_ L f '_ ’ _:'._. B o . ’ : ] & -,
;faﬂConvent1ona} showqr sta]l ~Fhe; curb in- the shower was a def1n1te ob- ™. o !
'f{da%z1e to all subjects. . WhiTe they all managed: to € mpléte the transfer ~. ~ .

L h the curb.in ‘place, @]l expressed:a preference: for’ showers with no /-
S minimum- s1zed curbs. - All:Subjeets used the grab bars -8t eitheg the -~ :
"% 33 inch ‘or 36 inch- he1ghts on e1ther the” seat maﬂ] or the back wall of .

£, the shower space gL 4.3?.,, ;.

PR ",}when the curb was removed, four subJectS anproachedgthe shower perpen- L
“- . Fdicular to_the front ‘of the stall, penetratwng part, of ‘the actual stalls. . .~ _
et space. with their whee]cha1rs w1th the curb in plaqg=y§11 subaects _ A
o ©_ dpproached the stall e1ther paral]el*or d1agonal tothe:, frqnt edge of PP
" the. curb. The wall at thé back’of the.seat” prevented - peop]e ustng para]- R
: .. 1el approaches, fronf aligning the front: edge of their whee1chair seats 'fa“*y;
¢ [“w1th the.front. edge. 6f theishower seat’ Genera11y. a A8iby:30: inch: space.. . T
; ~ <:in front of the stall; paral]e? to the front edge was suFf1c1ent c]earance ' Vo
A ' in front of' the - sta]] -7 S T s 2T ' '

,Racomménda 1gns

o T Ifaan: L turn is required to enter é wheg1~1n¢$hower wh__ 10 kne€space . - Tt o,
Y0 s provadgd adjacert to,the shower,. ose-when a tojlét isiso Tecated, TN T
v i . the clear space reqiired is €@ inches wfde by 42 tnches_dﬁép ._ﬂere
o jknee‘space is. prov1ded, such'as‘under a lavatory, . ¥he clear space. re:
W e quired)s uéing.p L<tuPh approach, -s. 60- inches W de by, 36-inchesfdé€P- oo
= ‘Shower seats, should be of adequate depth (¢lear sgat depth:of: at 1ea;t‘=ji;‘_
o -, fifteen ‘incheg) and-“should extend. over‘shower thrBehold -Cimbs: f they .
et are present» There is.a great need for new, “desfgns “for resident4a1‘2~g;
.. “showers with, areas of toncérn being mainly: 1) prevent1bnagg w%t” *f&”"*3
“desty Q: g

.5¥;” e - spillage Bthér: than: yse of éhrbs. 2) design GF seats and 3.
S ..ransfer aﬁsists ‘ R |




The.seat design recommended by Timothy Rugent, of .the University of
o I111inois, Rehabilitation-Education Center, provides a_larger width seat
. at the back of the stall, enabling people with low strength in back
, o muscles and difficulty maintaining balance to rest against both walls in
SR the back corner (see Fig. 15 ). The seat folds up when the shower is
' e used by ambulant people. Ambulant people should have grab bars en-
»circling the shower and, as we found, a grab bar behind the seat can
be useful for wheelchair users as well, However, for those wheelchair
users who need the support of the back walls, bars located there can
be.dangerous and uncomfortable, Moreover, they prevent a seat from
" being folded up against the shower wall. To reconcile these varying
needs, a strUctruaJ“?einforcement area could be provided, allowing
grab bars and seats to be installed as needed. This in an appropriate
solution in residential bathrooms. . In publicly used shower areas, a .
seat and grab bars should be provided initially. The design in Fig. 15 ST
_ s recommended, S | | | - |

Id

| Margihﬁ] thulation

Generally, people with three or four affected 1imbs would have a more
difficult time making a 90° turn into a wheel-in shower stall. Thus,
some hemiplegics and'QuGEEiplegics could enter a stall that favored .
their better arm but could not easily turn around or back oyt. Whee]-
. Chair users with limitations of stamina would also have a difficult
time maneuvering wheelchairs in tighter space;. -
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Figure 13A: Plan of Apparatus for Shower: St&l«s-‘- 36 in Shower ; “ ,
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TSﬁpwer Akgacent to T01Tetgj - I*ﬂ,‘ fif 7;;’~ﬂ- - Shower Adjacent to Sink

S 4

~ |Turn Around

. “Fixture
Location_ S
20 in from sink edge.

SRR _ _ - "to o
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E Figyre Recommended Shpwer Seat .
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Aruitoxt provided by Eic:
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- Apparatus . v . o e

throom Layjuts: " ¢ Vo |

Objective’. " \' . L = T
A N ' : o ' r _
- Test the feasibility of using-mininum size bathroom layouts for
accyssible bqthrooms../ .

L3
R 4

Using eqqipnént constructed for fhe toilet sta]i and shower;éxperiment§,
two minimum sized bathroom layouts were arranged. All walls were
wooden partitions, é&ither fixed in. place or able to slide along the

floor. One layout, the.in-1ine, had the water closet, lavatory and a 21/2 .
- foot by.5 foot-wheel-in shower rranged so that all plumbing 1lines <could .

be served by ‘the same stacks,With the entry located Opposite the water

" closet and lavatory. The second Jayout had the shower stall oppo?ﬁte

.-

"the water closet and lavatory with the entry on-a side wall, Entries
in each layout had 32 inch clear widths. Both layouts were variations

~ " of typical 5 foot b 7 1/2 foot bathrooms, Grab bars were, provided at

ot
Al

L ]

"
L '\k
/' » .\\ ]
s
/

. ¢ e
\

T .

'
” %«. .
) /: 0 .

.-
v

.
.

. . -
-, Y

p who.could tra

the toilet dalong the full_]gngtﬁ of “the adjacent wall,
R 0 ¢. N "'J i ¢
Procedure g W
A . \ A‘ ’ ot ’ . \ ‘.' * .
Subjects demonstrated the use of al! fixture§ in the. bathrooms, *including
transferring onto the toilet. seat-and a seat in the shower. Each batfh-
room was tested with a wheel-in shower stall and a shoier stall with

.

s
3

, a_seat. ,Also, transfers were tested with and without a 4 inch high curb.
in pJace at the shower stall, | .3 : -

*
- -

‘Subjects | |

ere tested. They were selected from the group of people

ii:ﬁ?,égbphase one testing ‘in the toilet stall, but who
b

. L
six subjects

~often had man€uveri

?Eroblemp._ Bathrooms satisfactory for this group
of peop]e,w$y1d als
n

' satisfactory for all other subjects tested :in

phasg one, Tncluding those who could not transfer. .
v by S . i . »
Findings . -+ Ty

Both bathrooms were fully usgble when testéd with wheel-in showers (no’
.curb), There was’%ufffcienx-maneuveripg room at all fixtures. . The
Tayout with the shower opposite the toilet and lavatory was 1éss -eon-

t. If¢ 1led-at the shower, subjects needed a
rance space'at the rear end of the shower to transfer onto the -
shower seat. They had to use a parallel transfer method because t

curb frecluded a 90° or diagonal approach. This means that in thelay- .
outs tested with curbs, subjects had to,keep part of. their wheelchair
.projecting thraughthe doonway'ty transfer. In such a situation, the
door tould.not be closed. Also, curbs in showers made 1t difficult to.

moyk wheeichairs out of the wdy after transferring to the oflet for |
certain transfer positions. ' S -

1]
- . . o
: '_o » e, . L . “\'--
oo ./: . M ,:\ [
! ‘ . - R M

o)
s

P

venjent !scause thgrﬁtwas not enough space to'turn around--subjects had .
* to pack urbe were inst '
cl

' .
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Recommendations-

s\

" Minimum size bathroom layouts are accessible if they provide suffitient
clearances -Por use of fixtures. In the standard 5 foot by 7 1/2 foot = ~
o bathroom, the entry should be on the long-wall.as shown in Fig. 15A.. .
.« If showers with curbs are used, then a space clearance of 12, inches .
. . b?zond the wall of the shower at which the seat is located shall be pro-
¢ ‘vided, . . S .

] £

Marginal Population * S o R oo o \‘.

People who cannat transfer in a 90° approach or.diagonal approach to a *
toilet canfot use typical minimal bathrooms unless 30 inch clearances,
‘are.available at the side of toilets. Byt, we encountered no one in

our samplé who could not use one of these two transfer methods if they

could transfer atall,  although for gome, the parallel transfer method

s more .copivenient., , ' _
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' Figure 15B: Bathroom Layout: - Opposirig o R &
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If a seat js used in the shower
with. a high curb, there has to be

allow the door to be c]osed.l

.

i

If there is no curb, or a Tow curb,
a wheelchair can be pulled into,
‘the shower space to transfer.

1
~ -

', ) -

With no seat or curb and a 60 inch
shower, wheglchairs can be turned
~around in the shower space, adding

much convenience}in use. With a

~of not having to use a wheelchair
in the shower plus having the
maneuvering space are obtained.

folding seat, both the advantages

®

clearance behind the shower to . .. _ .

&
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Figure 16B: Maneuvering in: Bathrooms /2 , Ct .
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" With a high curb. in the shower, after transferring onto the #
toﬂet ‘there .is no place to -move the. wheelchair: ' ;
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‘Kitchen Work Centers (and Lavatory) T _J'_': .

] Objectives . ” | |

| - Detenmine'comfértable heights of kitchen work surfaces and bathroom ' )

“v- lavatories. - - R L , - |

-+ - Determine maximum and comfortable heightsMfor shelves mounted above
. .work counters. T e _ '
- = Determine ‘mininum heights for base tabinets and electrical outlets. .

. " 7- valuate the feasibjlity of faucet controls located in standard loca-
tions at the rear of-sinks, , ’ B . . : _
e . . . . 4 L ) . ’ 'Y
AEEaratus' - S '., B o S . -

Similar testing" stations were constructed for the kitchen sink, mix .
center, range and bathroom lavatory. A1l of ‘these testing stations had"
adjustable counter and shelf heights and could be used with or without
* -an‘opening under the counter. Sinks were set into counter. tops.
S * . Counter heights were adjustable from 24 to 36 inches, measured from
S ~}’ the floor to the top of the counter. - An above counter shelf was adjust-
. ¥ able from 40 to 70 inchess/ The upper shelf, where included, was con-
., Structed so that there would always be at least15 inches clear distance :
. between the counter top and underside of the shelf. The mix center had s
_ a feature that-allowed us to test-reach to the furthest corner -inside a
. corner cupbdard and the lowest reach below the counter (see Fig. 17).
. . Counter tops were 1 1/2 inches thick an2 had supporting aprons 3 1/2
N inches‘deeb;under-the counter top sur*qces,- . _

" Procedures

Y .

: » { . . ) ' - . "
Testing’ procedures at ‘each unit included two "fitting trials" for com-
fortable counter heights with an opening ‘under the counter and reaching
. trials for maximum and comfortable heights of shelves above counters. ,
- Trials were conducted using-simulated tasks common to each unit. At
~, -V theomix ' cenfer, subjécts mixed ingredients in a bowl and. simulated
. - - rolling dough with a rolling pin., At the.sink, subjects-reached to
' controls, scrubbed a pot with a brush and transferred the pot to-the

. dishdrain, At the cooktop, subjects stirred contents in a pan on a
SRR front burner. At the lavatory, subjects reached to controls and simu-.
oo lated washing their fdces. ' " - T SR

In the first of each fitting trial, coun tops .were ‘set” at the maxi- - .
‘mum height and lowered while subjects repeated the simulated tasks until .
"the ‘subject indicated a comfértable height had been reached. " In the

second trial, the counter wa's¥set at the minimdm\ﬁfight and raised toa ~ .-

comfortable height, ' ' N R S

. .
W

At the mix ceénter, users repeated the procedures with a-closed counter

front, reached to low shelves and‘reached laterally as well. Reaching

trials to the shelves affove counters -utilized a 2 pound cyTindrical
. _cannister that could be grasped easily with one hand. .When reashing - . .
. above cqunters, shelf heights fere first adjustednto_the'maximum-heightq¢¢-’j
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reached by ar outstretched hand, measured to the thumb-forefinger joint.
- The shelf wa$ then adjusted- until the subject could reach and pick up -
the cannister when placed at the front edge. Finally, the shelf was
adjusted to a comfortable height for removing the cannister from the rear
- " of the shelf. -Reaching trials to shelves below counters utilized a
. - . similar procedure, Ty T :

3 } 3 ! - ] .
In the second phase-of testing, the mix cerfter station was altered so°
that there was no front apron and the total depth of the counter assembly
- was only 1.5 inches. Twenty-five -people in _wheelchairs who had previ-
ously expressed comfortable -counter top levels at heights as close as
' / p05§ib1e'to the height of standard wheelchair arms, returned to repeat
‘the procedure at the mix center. ‘As in the first phase, comfortable
working heights were. found in two fitting trials. In addition, the
" - counter top was set at 31 1/2 inches whick provided 30 inches of knee
clearance and enough clearance for standatd wheelchair armrests. The
counter top was adjusted further, if necessary, until a comfortable
o height was found. Once the user expressed*preference for a particular
» .height, the distance from the person's midriff to the counter edge was
' measured. Because standard wheelchair armrests-may have restricted
o counter movement to lower, more tomfortable heights, the counter was - g
tested once more with wheelchair armrests removed. Only subjects with
wheelchairs having removable armrests could be tested under this conditign;”
-thus, the:sample size was reduced to seventeen. ;j

Two lavatory heights were tested in the second phase (32 and 34 inch),
measured from the floor to the rim. At each height, the distance was -
‘measured from counter edge to the nearest,portion.of the subject's body.
After both#keights were tested, subjects expressed their.preference for one.

e
W ~ Subjects -

Between 150 and 160 subjects tested each of the four adjustable counter. -~
., work centers during the first phase of testing. The number of subjects °
. w -~ at each work center varied somewhat because only cases without missing

: data were counted. . Some subjects never completed testing during the
¥ o first phase. There were 62 wheelchair users in the sample. Of these 62
- subjects, twelve were paraplegics, eight were hemiplegics and thirteen

" had restrictions in use of three or four limbs.. Sixteen had varying

limitations of stamina.- Nine had difficulty bending.and turning and

four had exceptional reaching and maneuvering abilities. The ambulant

and "semi-ambulant subjects included peopTe with iricoordination and manip-

ulation difficulties, 1ifting and reaching difficulties, reliance on
walking aids, difficulty bending and kneeling, difficulty sitting or \ :

getting up from a chair, difficulty using stairs, inclines or walking long
distances and difficulty walking on rough surfaces. These 81 people

‘plus eleven able-bodied people brought the total number of possible test

subjects to 154, . ' - ‘

“ . ‘... During the secbnd'phasa of'testing._és wheelchair users returned to test
o the.mtx ‘center. These people had expressed preferred counter top levels
' ~at:or near wheelchair armrest heights.. For the lqvatogx. 2] people

-
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-returned who' had” larger than a 3 inch difference between Comfortable, . .
open and comfortable c]oseq front trials. This group in¢luded 23 *
wheelchair users.: . = - T , -
Findings. -~ "~ ° " ., %
. As shown in’Table- 18, comfortable counter heights for all work - . - P
_ - centers. far wheelchair users ranged from 26 to 36 inches. Subjects - -
AR expressed. preferences for open-front counters; the comfortable c hosed- . J
» front counters were usually less usable than the open-front counters® R
Because most people in wheelchairs assumed an approach parallel to the . |
front of the counter in the closed-front position, their reach was.\lim- "~
~ited in virtually all directions.- Table. 21 illustrates the dramatic o
" increase in - the number of users-who could reach to the rear of upper
. shelves 'in the open-front mix Center unit. With the 15 inch clearance
» . between counter and°over-counter.shelf, few people (29 percent) could
comfortably reach to the rear of the.shelf. .In_sther words, a tow
7 counter height of 25 inches to thewqrKk surface meant that the. lowest
" 1fmit of the upper she}f was 39 inches, which was still too Wi
most’ people to comfortably reach to.the rear. Diagonal reach, to the - _
» = rear corner of shelves in a corner was virtually impossible 'for wheel- °
chair users, A . o .o e\ L
’ : ' e . , . ‘ O .
A  compar,ison of data for comfortable counter top heights at the ‘yarious
work stations showd that a comfortable level is often a function'of the
‘task. At the kitchen sink station, d larger proportion of users pre- *  ~.
ferred higher placement than in the mix center,’because this brought -
the sink bottom, which is the actual work surfacé, to a camfortable
level. -Many users: preferred the cooktop at lawer heights, enabling them.
‘"~ 0 see into.a pam placed on the rear burner, e T\

- Sre——e el ' .

Comfortable counter heights for wheelchair “users were of ten. close to
lap levels or below the height of wheelchair armrests, For those
people who did not have desk arms or removable arms on their wheel-
Chairs, this meant that.their bodies were -often positioned 8 or more
inches away from the front edge of ‘the counter. 1n the ‘second phase

of testing, the removal of the 3.1/2 inch supporting apron, did not
alter this relationship; in fact, it allowed fifteen of* the twenty-
five wheelchair users to have the counter tops lowered even closer to
their lap. In the first phase, many ambulatory and semi-ambulatory
subjects also preferred counters lower than the standard 36 inch height.,

There were wide differences between the two fitting trials for comfort-
able counter heights. However, these differences were consistently
related “to the starting position of the trial. The high-starting
position resulted in higher comfortable levels. This is most Tikely
due to the ‘short experience with each height provided by the testing
situation, The two fitting trials must he.viewed as-bracketing the
K confort range for an individual. Extensive work with each subject would
: probably narrow that range further for. indfviduals." "Considerfing' the.
data in aggregate, a conservative approach to recommendations. would - L
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“:ﬁangety It is:also.clear that-some whéelchdir users, prefer. the ter’ o7
ace .
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- osur beloy armrest level and ofhers above-that level” ~~ . [ -
o iMany ofthe wheelchatr users and a\féwof the anbutitory and se;r%-‘"-_",- VR
-, - . ambulatory subjects could.not-feach. 1oMer than 15 inches above thé Floor*
B ~to pick uprthe cannister when- Toca ted ag!tﬁeuback of a'shelf belowa ..+ ,.
s . counter., Al1°¢f the subjects could reach to-at least™9 inches at the.- = "..
TRV front of the low shelf . Over 80 percent of the subjects testiny the two. -
L e 1§Yhtbry'hEigh%s.preferned the 32‘inph\hejght‘ * < - _"
e “Regiommendat {67 o S ANt SUS
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3'_?Egt'-'Rb$%dEntial kitghen couf;er tops.shou1¢Aﬁh adjustable to prov.ide optimum
¢ ... " wotking heights far d¢i'f erent’tasks and different users. A‘range of." - °
v 7 -adjustability from 28 to 36 inches for a 1 1/2 ‘inch thick work surface .
- will provide comfortable height alternatives as well &% leg clearance for -
. © . most pgople. Another’ ceptable, approach to adjustability could be to
{7% provide three alternative\hetghts for: 1) standing work (36 inchgs), 2).
T sitting worko’with‘the\ work\surface closq to lap level (28 ;1'nchesg and 3)
L . .Sitting, work with the work/surface high ‘enough for wheelchair arms to .
- " fit underneath (32 .inche Publicly-used facilities;. such as.lavatories,
. should be fixed at a cémpnomise height of 32 inches:,measqredltb the rim.
.. © -+ Shelves-above kitchen counters should be positioned so that at 1&ast C
> . one shel¥ of all cabinets above ‘the counter is no more than 48 inches
. ~ above the floor.: Shelves below kitchen counters should- have, at* least

* ' opg shelf no Tower than 15 inches above the floor

«
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'Manginalhpdpulation

Nﬁéefchqir users who could not reach the front of the upper sheif‘sef at
48 inches had poor stamina and difficulty bending and tarning, A few

. 'wheelchatr users ‘with one or both legs affected were umable to'reach-the .

kack part of the shelf.” But most of those subjects who could not complete
this task were in the group$ having three or four limbs affected, those -
- with limitations of stamina and those who have difficulty beénding and
- turning.” - ‘ : ‘
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Table 18: Comfgrtable Countertop Heights (wfth §pron) for Hheeﬁchair Us%rs Lper'ce_gtages m
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Table 23: Comparison of Comfortable Countertop Heights for Use With and With- -
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Table 24: Comparison. of Distances to Bodx at Comfortable Couutertog Heights'f.or Use N1th
I anﬂ‘Nithout Wheelchair Arm Rests in P]ace (percentages 1n parentheses’)
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. individuals' abilities to use various oven configurations, not their

4 ~ 117
[} .
P , s ’ ™
‘ ! ° i‘ij; o “ ’
- N 4 o'
: : .o a f S Y
' . . v - B i ..‘/ . . v _.\ - ’.- ) L .‘
Oven . I C ' Lt C
. ., ' r_‘ ,r " . ‘\‘ ( ., , - L. v.. . . 3 ’.
Object1ves o . . IR R A

o X . I
. Identify the opt1ma1 pgsitions and dobr;typee Tof use of- ovens by
people with disabilities. - -

~ - Evalyate themusefulness of ciear access space next to and 1n front S hJ

of the oven for pe0p1e who use whee]chairs )

Apparatus i L O

.

‘A simulated oven could be set up 1n-e1ght different conf1gﬁrat1ons of

height door type and -access space under a side counter, as shown in
Fig. 19. A 6 inch grid was marked on the floor to. determine space .

clearances necessary. for seated users. Individuals. simulated cooking in ' .

and cleaning ovens. In the first phase of testing, cooking in thé dven
was simulated by transferr1ng a light cake pan fram a .counter top to E
an oven rack and reversing the procedure for removing the pan. A’
1ight pan was used in the first phase because we were interested in

-
abilities to 1ift weights, ‘Cleaning the oven was simulated by reaching

behind a 1iné located 6 ‘inches from the back of the oven on the bottom

surface of the compartment, Success in all these tasks with one oven

. -configuration constituted a successful trial. A pull-out board was + . . /

available for use’ in transferring the pan in and out of the ovens w1th
side-hung doors. A chair was available for use if ambu]ant or semi-
ambu]ant subjects preferred to sit down while us1ng an oven,

Procedure

-

The oven conf1gurat1ons were assigned levels of d#fficulty. Subjects
tested the most difficult first, The first oven tested was similar to

‘most conventional floor model ranges--below counter level, drop-down

door and no open access, area at the sidé. The 'second oven tested was
again below counter level with né’access at the side; but the door
could be side-hinged on either side. Successful performances in all

~ tasks in either the first or second oven configurations precluded further
‘testing of additional oven types.. : " :

If the subJects were unsuccessful in all tasks in both ovens, they were *
tested with a group of four ovens, and ‘their preference was so]1cited

among those at which all tasks were successfully performed. The. four
ctonfigurations in. this roup were: - conventional below counter oven :
with drop-down door .and”accéss at one stde, below counter oven with side-
opening door and side access; an”above courniter oven with a drop-down - - -.
door and no side access and an above counter oven w1th a S1de opening

door w1th no.access at the sidea :

RY
w

If, after test1ng with the Ffirst six’ ovens, the subject still was not .

. ab]e to -successfully perform all tasks, he or -she then was tefted with

the .last two pvens, Preferences were solicited if they were successful'j; »;_f
with both. . The last two oven conf1gurat10ns were both above counter

v ' . . . - : r .
. . R
o . ’ . ; \ 4
N T
° : o
.

.-;'
.
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.~ .. models, one with.a drgp-down door and ‘access at the side, the othbr with -
4 side-opéning door afd ‘access at the side: .- LT \\;\\

- Aftec,lhe subjéct had perfbgméd all tasks successfully at a particular
. oven or expressed their preference for one.out of: a group, that oven * ™~
“-. .was retested. The position of a wheelchair, or if"the subject was :
seated--the chair, was recorded. Al]l ovens, ejther above or below counter,’
were attached. to a counter that was adjusted to the individual's "com- =  ~
‘fortable" hefght for the cooktop work center. S - -
. "~ ~During-the second phase of testing, a group of five people, all of whom
R . could at least cook with the conventional, below counter, drop-down.door ,
~oven with no side access, returned to test three oven configurations™ ' ,
\ . withya;weighted.pani“ Subjects used the heaviest weight they could manage
Y - ranging from:1 to ¢4 pounds.  The three ovens--the conventional floor,
model with drop-down door and no side access, and two above counter models
- with side access--onefwith a drop-down door and one §ith a side-opening -
oo ~door, were heated with a hair dryer to simulate the inherent hazards of
.. using an oven. - . ot e
Subjects - R L o .
-——a— , - , ) "."‘ . ) 4. Lo , _ o
During the first phase of ‘testing, .137 subjects were tested. from all dis-
.ability categories except' those people with 1ncoor61natipn and diffi- ..
culties manipulating finggrsAand.difficuIty’wa1king~10ng distancgs.: Eleven
able-bodied people were also tested.. Duririg the second phase, the test
group ef five people consisted ©of four wheelchair users and -one Aemi-.
ambulant person,. A1l the people .in the second phase group were active home -
- makers who reqularly used their home ovens. ' Sy :

Findings o o

- The data for the first round of testing are presented in Table 27. .
. Almost all subjects were able to transfer paris to and from the conven- o~
tional floor model oven. 'However, it was apparent that the above countermg\\\\.-

- -

~oven configurations. were clearly easier to clean. The side opening door
ms easier for cleaning than the. drop-down door. .Open access next. to .
. the oven improved cleanability still further. For wheelchair users, the °
+  .above couBbter, side-hinged door with open access at the side was most ‘.
- ~ usable (cooking and cleaning). The drop-down door presented an obstacle -
to cleaning the rearmost parts of the oven for some wheelchair users, - Sy
- even if side access was provided. Although 67 .percent of the wheelchair. - .
-~ users could cook and clean without the open space (side-hinged door), 96 -
', . Rercent could-cook and clean with it. - S

e -

The drop-dowh door served as a convenient resting place.for trans- : ..

.+~ .ferring pans ,into and from the oven. Therefore, a pullout board immedi-

CoFe -'ately'be10wﬂﬁ% above counter oven with a side-hinged-door would be

' +desirable, -No one in the sample used thé board provided, perhaps- he-

- cause of its-unfamiliarity, but they agreed. it would be helpful when
the board was "de\ﬁnown to them. - . - L |

» ' o A

5

1 - Lo N
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- . In the second phase of test1nq; the Subjects tested ‘the. three Coven . . WL

_ ‘conf1guratiens While all people.could, use’ the conventional belqw g P
* .counter-oven with the drop-down door and no side access with thé 11§ht I
. weight pan, oﬂly two could use it with weighted pans. The crucial fa\?
A - ‘tors when using the weighted pans are the:ability to get close to-the
=~ - oven and the ability to transfer the pan with a minimum-of 1ifting and
reaching. (laterally éxtending the arms). Thus, the aboye caunter ovens °
with side access remained the most usable.ovens with virtually all R
people being ab1e to'use them w1th we1ghted pans. . - . . ¢«

Recomnendatwns o . b

" il . ; ; S

. Counter top oJens with an access1b1e space below an adJacent counter o
'should be required in housing for disabled people. .Ovens not megting
- these requirements would be minimally acceptable 1f ‘they were self-
¢leaning. .‘Such ovens could be used eas11y by most ‘people to cook 11ght
. weight d1shes . - , ' o o

| »
-Marginal Population

Few people would have d1ff1cu1ty us1ng a self-clean1ng oven’ 1nsta11ed
" below a codnter, as long as only 11ght we1ght dishes were cooked.
. People with reach1ng or lifting problems& e.q..quadriplegics or hemi--
plegics, those w1th.d1fficu1ty bend gy would-inat-.be able to cook

« - heavy dishes in such an'oven. Ovens:at counter height, with side .
\ access provided, would be usable/by almost all peoplea eVen'1f they were
Lz not self-sleaning PR ,
4 ! '
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. Kitchen Layouts
P —

_Obj%étives . o S L
- Assess the feasibility of using minimum clearances from HUD's Minimum -
v : Propepty Standards in accessible kitchens. - | . Lo
- Determine the most suitable layouts for accessible kitchens, - -
0. ' ' r.
# Apparatus

w

Kitchen work centers were constructed with counter frontages as required
by the US Department of Housing and Urban Development's Minimum Property’
Standards. Frontages based on a“one bedroom apartment were used. Shelves
were provided above the sink and the mix center work station. The
work center units were designed &s independent, movable units:so-that -they
could -be combined in any desired order or layout. All-scounter and
. shelf heights were adjustable. The area under counters could be filled
¢ in with low partitions, left open or provided with a movable low shelf.
~ unit, " : -

.

Procedure . ¥ »

A
ik

Four kitchen 13dyouts were tested: 1) U-shape, 2) L-shape, 3) in-1ine and
) 4) corridor.. Kinks and mix centers were left open underneath; a low - - -
‘ “. shelf unit f@s placed under one counter; all other under counter areas
"were closed. layouts provided a space under or adjacent to every work
center. : Space clearances between counters were 40 inches for the in-line
and corridor kitchen and 60 inches for the U-shape‘kitchen. Ovens were
mounted below the counters with side access and a side opening door.
-Storage shelves,were mounted at a height of 48 inches from the floor.
A1l counters were set at 31 1/2 inches to the top surfaee and provided . e
30 inch clearance to the underside. A tray was provided for carrying
materials, -~ = o i} - :
Each Subject completed a standardized sequence of tasks. The tasks sim-
ulated, in a compressed time frame, .were all activities in prepa™g a
meal and cleaning up. The set of tasks were designed to insure that
subjects would utilize every part of tHe kitchen layout. Table 29
gives the tasks and their sequence, As subjects completed one task,
they were then told the mext:task until the complete activity sequence
¢ was completed. Two observers counted the number of bumps made: against
counters and appliances and the number of accidents (e.g. spilling,
dropping) at each .layout. Total time required to complete the sequence - o
. at-each layout was recordedy The order of testing the layouts was - = .
.varied with each subject.  After testing all four layouts, users were
asked for their preferences regarding the layouts tested, counter heights

and storage,option§.

Subjects ~ ; . - 5 . L
Ten female disabled subjects, in¢luding seven wheelchair usebs who had |
exhibited below-average abilities “in.maneuvering wheelchairs during the
V v I‘ .
Cod2e
4

P

-~ B
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¢ - P . * < - . e i

v first phase of testing were tested. "Kitchen olearances satisfactory for

. use by these subjetts wou\gtalso be satisfactory for.use by all.other

‘.-subjects, A1l these subjexts were active homemakers who used kitchens
regularly and intensively, One female able-bodied subject was also tested.

o ¥
~ Findings

+ When usihg the more open arrangements, U and L-shape; 'subjects generally
had less bumps or accidents than in the other, more campact kitchens. The
U and L-layouts were also the preferred types. Times varied considerably
according to the individual's abilities to follow instructions and accom- '
- modate themselves to each layout.. Efficiency in using the kitchen lay-'
outs would undoybtedly improve with practice: '

Several problems and techniques in using kitchens were observed. One .

heniplegic-whee]chair user had difficulties maneuvering the chair while
“transporting materials. Similar problems were encountered by obese

users who could not use their laps to support trays, etc.* Several of

these people used.the front edge of the counter much like a railing, pulling

themselves along. ' n

- W ( N

Since we were 1ntereste?,4n observing possible conflicts in movement < .
. between work stations, the instructions’ were designed to elicit the

greatest number of trips between work stations. Subjects indicated that,

had it been their own routine, ‘they would have condensed and combined

the tasks into fewer trips. -

Subjects-favored all counters at-the,lmne height rather than each work

center set at a different height and found it easier to reach below ' : *
counters to storage areas than/above theme In the testing with separate"

kitchen work centers, it was found- that comfortable counter heights ' -
were different for different stations.” Thus, .preference for counter '
heights at the same level~conflicts with comfort criteria. This prefer-

ence my be due to the convenience of sliding utensils along the counter

on\}o an aesthetic concern. : : '

Recommendations

" . . .
HUD minimum clearances are usable but clearances in accessible kitchens
should be increased for convenience and maintainability, particularly in
in-l1ine and corridor layouts. When making up the loss,of storage

. cabinets due to’required under-cqunter clearances, the use of. full

height storage ynits or under counter units (perhaps on wheels) 4s -~ « > . ' .
preferred. The U and L-shaped layouts are preferred for accessible housing. '

Marginal Population N S | | ot
"Those wheelchair users who have difficulties m euvering will have
*s}ight problems using in-1ine and corridor arrangements. Those that

. are obese and have difficulty 1ifting would find L and U-shaped arrange-
.ments more convenient $ince objects can be slid along counters.

o ° 7 '\) - ' ' ) v
S ey -
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‘ Table 29: Kitthen Layout Activities: .
y Task No.  Task Description ‘ ' P
% '

1 Get celery from refrigerator, take to sink and wash celery.
o2 | Take celery to mix center
1 3 .'QGo to refrlgerptor tako mea t and egg. to mix center

4 Get water from sink, bring back to mix center.:

5

Reach above for bowl and other 1ngred1ents
Reach below for the loaf pan, take to mix center.

©

6
-~ 7 N Go to stoves geg spices from back, br1ng to mix center
b _

Take prepared meat]oaf and p]ace in oven. .

9 \ Get ‘two d)shes from above and silverware from drawer, take to

-

10 6o to. oven take out meat1oaf u51ng potho]der and brfng to "
' : -tab e. . :

/Take two dishes and;si]verware to sink.
'...._!. " X
‘ 1 Take mé‘tlpaf to- reFQ:gerator.- |

. Lot
L T e

A

N . S kitcﬁen table apd- set table, _ _ .

& ;‘,




.Table 30: -Use of Four Kitchén Layouts ° | | ‘ B

<

e — - - i \
Usern gitchen Shag‘o ; Layout ) _ o ‘
' -+ 1. U-Shape 2. L-Shape 3. Corridor 4. In-Line : .
Y : ' ' S £ . 1
[ A} . .8’ h E § % ra
: 3 s ~ 5 @ oz 8 g8 23 E 3
£ 9, § - g § §' 4’5 838 3k 3 3
a e @ @ @ @ - N ol 8 =
I s % % s 83 83 8% % o
o - B e W " ’
P gt st ¥ o 2 oo 353533532 % |
‘ - z - =z [\ 2 - O O Vo Vo w - \
2 : i o/
X 2:40 0 310 2 2:40 1 3:40 X- ‘
X 5:35 4  5:45 2 7:40 15 4:55
X 540 4 545 5 655 6 5:20 -
X 3:50 3 5:46 0 4:20 2  4:40 X 3
X ("5:15 4 8:17 3 825 2 °7:00 X . 3
) X - 525 2 442 2 6:30° 5 7:30 11 X X 1,2 34
( " X ®:05 1 303« 0 300 0 305 2 . X NP* NPt 2. 4
‘ X 2:40 0 2210 0 4:02 1 327 01X X 3
X 248 0 227 0 214-,1 2:4 0 X NP NP1 2
. . ! ) : . - \
X 8:35 0 430 0 3:45 0 10:45 0. X X 4 1
| —— — = =T
i *No preference. ’ '~ ' ,.(_
t ‘ i R ’
i Table 31: é.gxout Testing )
: equence
" U-Shape 1 2 .3 4 .
. : L L-Shape 2, 3 4 ] A
g .. ! Corridor 3 4 1 2. v
v SR . In-line 4 '

—
TN
(¥ ]




Table 32: Kitchen Layout Subject Data -

- -l

.

.
P
4

m - -
: ' S S _ R : .. Cooking -
Disability Level g Age e : Frequency
V N s -~ o-s’ . '
P e 2 o 8
S ) e ,\3, [{‘ 5 5 ‘: | - . s é - 8
', L i3 83gsgesd ¢ ow
Y B o - ¥, B .
o | & S w & 8 8 88 8 8 € -3 ..n:i.% .
| . ¥ ¥ $:ss888g gozz . b
\ Transfers, negot fates ramps & 60 110 ' X . X :
performs household tasks without . .
help : V ’
. R . ’ A . . i . :
- Maneuvers whéelchair well; needs . 65 250 T x X
' help with transfers, ramps & . -
some househald tasks _
Maneuvers on lével surfaces with 61 . 115 X X
shortness of breath . '
Maneuvers on level surfaces with- 64 155 ' X X : .
. out shortness of breath : : ' ¢
B Mineuvers on level surfaces with- 66 175 = - X - X =
" out shortness of breqth o - . _ )
Manages shallow inc] nes without 65* 135 : x. ' - X
shortness of breath ' ' ,
.Difficulty bending to reach 63 175 - I X : X
. Tower than 1 ft from floor - .o ’
. s exceptional maneuvering 65. 124 . ‘ X Sy )
abilities . : o - -
Uses W King aid; unable to 64 120 . T -y X,
- manage stairs & ramps without ' . _ o
diff iclfiy , . . .
* 1
© Able-bodfed - \ " 65 165 - S | }




. . . ' ’
. L. . ' -
: . . " H H . - 1
. o d
' % : - ’
. . . B

Figre 20+ Kitchen Layoués' Tes ted - ; ' ' N )

i

| 42* | 26" 30w 30| 34" |

C Y : . Y

~

%




R

=
A,

2"

v
-

< B

i

i L o o

i
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Figuﬁe 22: _Kitchen Layout Testing“Procedﬁ§é§
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Reaching at Mix Center in L-Shape
Layout = . .

-

-

Néshing Pan at Sink.

Placing Pan in Be]bw-CanterﬂOven'
with Side-Hinged Door '

Transferring Pan from Mix .
Center to Refriger@tor
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_ Doorways .
~ Objectives

. . . !' . _" - )
- Determine the minimum convenfent clear width for hinged doors. -
- - Determine the minimum clearances
oys types of approaches. = \' S

- Evaluate ‘the impact of door closers and threshol
manage hinged doors, o :

Apparatus

o
™~

ds on ‘the ability to

¥

one with a>30 inch and the other|wit
had lever shaped door openers.

could be positioned parallel to
activated door stops, , the -
doorways, A 6-inch grid was hgrhed on the floor for medsuring the clear-
ance between wall ‘and door frame ng the ‘space uysed by sub

h a 32.1inch clear opening.. Both

oors-and fixed, by méans of- spring: -

~the latch side of a door. -In a second phase of testing, three door -
.Closers were installed in the 32 iinch clear do
Justed to 5 1bf. for opening. 1t -

or. The closers were ad-

east’ favored hand .in’three openin
direct forward, 2) from-the latch side. ahd 3
from the hinge side. Thus, ‘in the hinge side approach.-pattern’; the
right handed subjects tested a ddor hi
the door with their worse side (1eft)

had to.reach across their body with their. right han
door or use thejr non-favored hand. A11 doors opene
-subjec} and into the corridor, : e

Procedure v "L

j

.

i

A -subject tested doors uSingbhi§ 1
approach patterns: 1)

I

-

d outward, toward the
. s r : . . o ’ .'). ’ :‘ ' - " -,.: - I'-.‘.' ‘ s od
. - B A ‘ n - . Ty e,
Several trials of -each approach Pattern were run to.detémming minimal < < -
~size door and corridor width possible for: each peern;f.
other than direct forward, the corridor width was init

' dor i initially set at 5°"
~ feet. -The movable corridor wall was then adjusted within 6 “inches of th
required. In the hinge side approa

check corridor width and one to che

i
ar -

Chy two observers were ysed--one to

" . Only wheelchair users
- E]T closers were attac

ubjects passed throug
“gIn a final round of testing, wheelchair users tested the .32 inch clzaf'“
- “opening. door width when fitted with a 3/8 inch square edge -threshold. <
- M1 three approach ‘patterns were tested.: e . -

N

“In phasé one, Qh‘éelchair users, walking ai
' Tow stamina..andnablerbodigd peo

partiéipated in thé~fkiéls'hsing;db0ﬁ'c]osé?él.f' .
hed to the door. with the 32 inch clear opening and -
h using only the direct forward approach pattern.

-

7
. o,

s .

‘Subje\c;:'s'
—— _ _ .
d users, walking aid users with

'QJ'

equired in-front of doors. for varj- .~ * @ i

-
L
AN ‘

.
(e

.. Two doorways with hinged, hollowecore ‘interior doors were éOnsfruéted;;Iﬁ;’
0lid-moving walls weré constructed ‘that .
to providedany desired clearance in front of the - . & ... .

jects beyOndi;g'z

° .

s o8

+

nged on the -laft ide, approaching '
nearest the dggfjs The. subject- - : - =
in“order - to. open the, .

e
I

‘T .

-

~

S

*

3

- R

In the approaches -

PR

AY
Ta (=

e‘%hqcef;,~;ﬂ:
ck: the ‘spate .needed at'the-létch;stdé%f[:f.,f.-.: "

Ple were tested. . A total of 78“subPeetsg |
. . R v . ; . . : b
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. maneuvering and/or s§amina problems. Six of
= Yest ‘the doer ‘outfitted .with a threshold.

Findingm ¥, - oo . o8 . o
y:c:——3*~)L, L . :

SO
. .
W

‘e

n

B .!‘. -

.

,’. ! - ’
. AN

] ‘.\.
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T e . 2.}
.

1 .

N  sample,

*carr'idor
L. ‘Mitch side of the ‘doors ™

1

s .
» Rz

R
-~

;.witﬁcdf§abi11tiés'We;b.testéd. 1n¢1dd1ngf54 Qheé]éﬁéirfﬁéers. Fouf
~ ‘wheelchair users with exc
‘1s not reported here.

“Only fouﬁidf

. "and ofie cameito.the testing

30 inch~c1ear'w1dth:¢?
. ) ) [

- Wheelchairs or difficulty leaming forward'and

- almost ‘parallel”to th

."ance at the, latch side

.. 'sample, while a 24 inch clearance at the latch side was
.. ,approximately 80 peMtent of the test sample. .

. Midth less than 42 inches. Increasing the corridor width to 48 inches would

e
J \

ional* abilities were also tested but data -

N I ' |

: 400 __"“. . A ;? ; ..
During the second phase of testing, eleven wheelchair, users returned’
to tesd the-door closers. Most'of these people. had either difficulty
these people neturned,to
5 . 5 . ) i .
. ' \ .'..

o '

_ thp;54;whbe1chajf‘ﬁsers, in the first phase, could not o
manage the.doorway-with the 30 inch-clear width, usinga direct front ..
approach,.'Thégpigbar-individua1s were not able-to use-the: 32 inch °
Clear width deor either, Three of these people were quadriplegigs .

site with a malfunctioning, one-arm drive—~
wheelchair. Ii the two other~approaches, latch side and hinge.side, S
the same fobr“ﬂndividue]s_were the-on}y subjects who could not use the . Lo

TaBle 33 shows the cleafadces needed at ‘the Tat side of the’ door with
the diréct forward approach: . Many jof the subjects who needed over- .24
inches -at the latch side, had eithér difficulty‘maneuvering their

_ | hgd to.assume a position
oor wall.  Table 33 shows that a 12 inch clear- -
as unsatisfactory to over half of est
tisfactory to

»

—_— , . . e R -
The data for the latch side approach, shéwn in Table 34 shows that 63 4
percent. of the® test sample could negotiate the 30 inch doorway with a corridor
*
accommodate 87 percent of the sample. Genérally, subjects who needed wider

ccorridor widths also needed wider-spaces at the latch side. -

theelchair users who~were‘hemip]egics, quadraplegics or had limita-
ions of. stamina needed largér corrider widths and-latch side c)earances

than others.to'manage the doorwdys. .

) »

"Cominé_bem'thé'Hinge:sfden approximately two-thirds'of the subjects° |

(65 -percent) needed- mord@than 24 inches clearance at the latch side.

An additienal.l?2 dincHes at the latch side, or 36 inches total clearance,
accommodated 78 percént-of the subjectsf-/V1nt:3}Ty allwsubjects would -
be .accomimodated wjth &.48 inch-clearance at. the Tatch side. -A 60 inch
wide corrjdor.would dccommodate 92 percent of the subjetts. A 6.inch

Surgs o

" reduction in width to:54 inches would reduce .the number of Subjects

able’ to negatiate the maneuver to 66 percent of the total wheelchair
A1l walking aid users were.able to, complete, the task with a
width of 48 -inches or Tess and an'18 .inch wide space at the

N

O L | L
esting, two-thirds of the subjects could nego- "¢ .

o A

In the second phase’o

'tigte{;he,three'sécond,spring c]qsqriﬁime as khowniin Table 36. Thoser -

-~ .
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e with & threshold ih place. A1l 'six subjects needed at least as much

e

"';'.-7\\.;

%w,::z;‘:(. :. ) - . | | : . . . o .l ' | | e N ‘-. ’ ’ ’ ‘. . .. .,
*™" people who could not manage the door with the spring type closer all’ . X
- had savere disabilities restricting strength and arm movement, - In- - , g

.Creased times helped anly one tester who satisfactorily coppleted
the tasks with the closer set\at 11 seconds. All users could use the

. *manual devices and frge-opening deors; a majority preferred the
< horizontal bar. - ' s

In the fiﬁa] phase of.tes%ﬁng, the thrée'apprqgch pattérns were tested g//j .
L

.Space as needed in their former trials without the threshold. In the:
direct forward approach, the latch side clearance in most cases was not . ‘f
.incréased. In the two other ap Ches, the clearandes generally in- . !
‘Creased 6 inches-at either the h side and/or the corfridor width, ' '
The .principle problem here was that when subjects approached the thresh- =~
" old at an angte, their movement was impeded abrubtly, The subjects had .

" . to realign themselves to Pass through the door at a right angle to ”
"~ .the threshold, e i . _

" Recommendations A - . Lo )

o L

Clearances inafront and At the latch sides of doors should b based ° T
on the approach pattern and ditection of door swing., = Where doors .
swing out into the direction of travel, toward the user, wider conri-’ ..
dors and -larger spaces at the latch sideNshould be provided as

follows: 1) direct forward approach--24. inches at' the latch -side,

60 inch clearance in front of the, door; 2) latch side apprqach--48

-

-~ .Anch corridor width (latch side clearance not applicahle); and 3) | ._3 ‘
; higge side approach--42 inches at the latch side, 60 tnch corridor . o
4 width, , Lo _ ' ' '

.. Where doors+swing away from the user, narrower corridors can be used,
" With this door condition, space requirements can be based op L-turns.
. Approaches from the hinge side and- lateh side each require a corridor
width of 42 inches and no space at the latch side (for further infor-
mation, see Wheelchair Maneuvering). With the direct forward approach,

a 12 inch cleararce at the latch side is preferred with a space 60
inches deep in front .of the door.

~

a

. Thresholds are not recbmmended at interior doortays.- Even.in exterior
“locations they should not .exceed ‘a 1/5 an inch in height and the ed
shoald be-beveled. Dook closers are not recommended in interior' 1
; tions but-an assist such as the horizontal -bar is desirable, '

. | , E o -
Marginal- Population o S b

The wheelchair users WhOjreahired more than the recommended corridor

widths or latch side clearances to Pass through a 32 inch dgor opening =~ .. .
) were mainly those people with three. or four limbs affected@one side of B

their body affected and those who have difficulty bending' and turning. '

x 7
.
‘& t
» .
) L . .
. ) '
) -
q - -
. . . A 3
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‘Table'33: Clearance Required for Direct

Forward Approach (percentages

n parentheses)

»

h. ey

“No. of Successful
C]earance at _l,gtch Side Subjecty.

re

Equal to or But less
Gre‘ater than than

6 in 16 . _\(30)
7 SREIEE v (13)
B B9 (1)
19 o u 6 S
25 . 30 \ 3\, (11)
3 % 4 (7)
v, w2 1 2)
4 @ 0 -
49 .

No performance/ . I
Missing data _ 5 o 9)

AT

Total - - 54 ~ (100)

Table 3{5. Clearance Required for Latch.

Side Approach (percentages in

parentheses) T

k]

~

No. of "Successful

Corridor Width Subjects

Equal to or But less

Greater than  than ' .

: 3% L2 (23)
36 a2 9 (a0 -
.42 ' 48 13 (24)
a8 54 4 (6)
54 ? 60 3 (5)
- e

60 . < 0

"‘No perlformance/ ' !
Missing data 1 _(2)

Total 54

(100)




Table 35: Clearances Required in Hinge Side Approach

. (percentages in parentheses) '
' . No. of Successful Clearance at *  No. of-Successful
Corridor Width Subjects N Latch Side Subjects
Equal to or- Byt 1es-s o R EEqua] to or  But less )
Greater than than - ' Greater than than . - : *
. \. . o ! . . . . .
. ¥ 5 (1) - 6 9 (17)
36 42 7 (12) 7 12 2 (4
2, 48 R N () B & R 3. (6)
48 . 54 15 (8) 19 g R (8)
" 60 14 (26) 25 30 5 €9)
60 T o N 3 C 18 - (34)
No performance/ e T 37 42 5 v (9) )
Missing dgta . 5 . (8) _ ‘ -
| AR SRS : 43 .48 2 ()
- : e ‘ © . No performance/ ’
— Missing data -5 "_(8)
Total l | | (100) ~
Be
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Table 36: Use of Three Door Closing Devices

-

-

A. Spring Loaded Closer - B.

. ' 3 Sec. 5 Sec. 11 Sec.

Manual Closers

Verticd] Handle
on Hinggp Side

.

Horizontal Hand]é
Across Door Width

Number of Subjects 11 (1008) 4 (1008) 4 (100%) 11 (1008) - 11 (100%) -
“Successful 7 (64%) .0 1 (esed 1 (oow) 11 (1008)
Unsuccessful 4 (36%) 4 (100%) 3 (7%) O 0
Preferences: spring loaded closer - 8 subjects .
' ' manual closer - 3 subjects
/ .
141 LI
\
qi-. . ] [ -
' ) * ¢
N | v s
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. Figure 23: Plan df b_oorway Apparatus .
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Figure 24: )Doorway Testing Procedures .
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. Elevator
—_—

- Bbjectives

- Determine the minimum size e]evatof'required for wheelchair users,:
- Determine the best location-and height 1imits for control panels.
< Determine the timing of e1evator~doors,ghd car arrival lights,

~ .

* Appara tus L ;

A simuléted e1eVator car with~center-opening doors was constructed with.

. an-adjustable depth and two alternative widths on.one side. A 36 inch .
clear entry width was provided at the door. . Grids with markings of 2
inch squares -were applied on one front wall of the door and on one side
wall of the car to simulate control panels. A line of the floor marked
the minimum width of the car. A distance of 18 fee (maximum distance
to a call button) was plotted in a straight line starting at the center-
line of the entry and parallel te the.front wall of the -car. gy A light
mounted above the entry was used to signal the arrival of the elevator.
The movable walls and extra large width dimension allowed us to test

two cab sizes: 4 feet, 3 inches by 5 feet, 8 inches and 4 feet, 9
inches by 6 feet, 8 inches. ' -

ProCedure: IR ) ¢

Subjects were positioned behind the 1ine designating the call button,
~ At the signal of the light, the subject traveled to the elevator and
entered the car. Their elapsed time from the signal to the first
penetration of the door plane was recorded (a door reopening device
would hold the door open). : With the movable walls adjusted to -the

smaller cab size, subjects entered the car and maneuvered to a position

for reaching the control panels. The subjects were given two, changes

to maneuver witHout hitting the walls or crossing the narrow’'width

lTine (5 feét, 8 inches). - If the subject was unsuccessful, the rear

wall was moved back to the larger car depth'and ‘the subject tried once
_‘more. This time the.subject was allowed to cross the narrow width line.
* If the subject was still unsuccessful the wall was moved all the way

back and the necessary car depth was recorded. '

Once pesitioned in front of the control panels, the subjects reached to
the highe§t squares to the left and right of each panel. If the sub-.
ject had enteréd the cab frontwards, he or she repeated the entire
procedure but this time, entered the car backwards. ~ -~ ° :

~ Subjects e

- Wheelchair users, people with walking aids, and people with balance'
problems, as well as able-bodied peqQple tested the elevator. The 55
wheelchair users represented-all disability levels, including four 4
. With exceptionally good abilities. ’ 'r




"_WE S S oy |
* Eindings L o o
A]]jphe-subjects were able to use a 4'foot, 3 inch by § ﬁoof, 8 inchcar
. size (common smallest size for 2,000 pound capacity elevator). Table 37
- shows the number of subjects who traveled at various speeds. Approxi-.
‘mately 40 percent of both the wheelchair user group and the walking aid -

user group required more than 12 seconds to travel the distance of 18 -
feet (1.5 ft/s)., ’ s "

Table 38 shows the areas reached by all subjects on the front and side
control panel locations. At the front panel, nine people could not reach

to 54 inches on at least one side of the panel, six of these were wheel-

chair users. At the left side of the front panel, five (three wheelchair

users) of these people reached to at least 48 in and four (three wheelchair users)
reached below 48 inches. At the right side of the front panel, three of these
people (two wheelchair users) reached to at least 48 inches, while six

(4 wheelchair users) could not reach to 48 inches. '

At the side panel, eleven people could not reach to 5 ‘inches on at

ledst one side. At the left side of this panel, three (two wheelchair
users) reached to at least 48 inches, but eight (five wheelchair users)
could not reach to 48 inchies. At the right side of the panel, four sub-
jects (three in wheelchairs) reached to at least 48 inches and seven ,
(four wheelchair users) bélow 48 inches. ' ‘

| .
Redommendations -
P : ' - : . '
~Elévator car sizes should be a minimum size of 4 feet, 3 inches by 5 feet,
8 inches to allow wheelchair users to maneuver and function when inside
the car. Doors should have minimum clear openings of 32 inches. Auto-
ic reopening devices should not require direct contact with the ,
efevator user and should be located to Le activated by wheelchair users' -
fgotrests. Control panels should have highest buttons 48 inches from
from the floor (this may .be impossible where such:placement of long

Pl

iqne]s would put the Towest buttons below the.comfortable reach of ambu-

/

ant users). Control panels should be mounted on the front wall adjacent -
ko the entry. Where the»possibi]ityipf-transpgrting stretcher-bound
- lusers exists, elevators and entry configurations should be Iarger.

e

o

J

o Marginal Popu]afion : - o S

. ; . o v B .
j/ People with rates of travel less than 1.5 fd/s were primarily people with

limitations of stamina and WQeelchair .users with three or four 1imbs affected.
People who had diffYculty reaching to 54 in were wheelchair users with three |
or four limbs affected or ambulant disabled people with chronic conditions”

{

o
.;- producing limitations of reach. Many of these people however, could use
/

aids such as pointers, extenders, etc. to activate call and floor buttons- -
located beyond their ranges of motion. - o . _—

’

| ’ 11y |
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Table 37: Time to Enter'Elevator (percentages in parentheses)

A

 Time to " Rate of " No. of Wheelchair No. of Walking:

Enter Cab (in seconds)  Speed . Users Aid-Usera\F
'Equal to or. But less ‘ Y | “
Greater than  than e e o '
ﬁ 6 at least 3 ft/sec 2 - (4)., . O
7 2. - at 1‘easf_1.5 ft/sec. 32 . (59) 100 (72)
13 ‘. 18 at .least 1 ft/sec  ; 11 +(20) j 1 (7)
19 o -24 -{ at least .75 ft/sec 3 (5) . (7)
25 30‘., at least .6 ft/seb;\ 3 (5) 2 \\\(14)
3] ; . ‘,(/ 36?.? at least .5 ft/sec ] (2) 0 U
37 . oﬁéss than .5 fi/sec 2 E4) '~0' - \
Missing data o 1 ;gg): -0 .
* Tota] R L i85 (100) ;j4-. (]90')!

: : . AN : e

z . . - : Y
v

,/"_,‘ \_ L
aFour of these people had exceptionat abilities.
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Table 38: Reachiﬁg\to Elevator Control'Pihel'(in inches) .
AN . LE
_ AN . .
Front_Pané1 I Max}mum*Height Reachedf'Side_Pane]
Left ., ‘Right . . ¢ Equal to or But'less Left  ~  Right
. o '\  Greater than than S '
19 49 68. 19- 49 & -5 1 . 18 48 66 .18
2 3 5 T.r.2 3 o& s 1231 |
? . : ’ N vy ) Ed
103 04 2 *3_'_6_\ w3 05 8 3
- -l e a \ & :a .
22 55 77 22 55 77¢ . Total . 222% 55 77 22,
. . ' ¢ ' N - ' ¥,
' o ' Vo O,
- B .E . e . 'eE- '-r-
y . I g .. N B
S . Se u st é Se gy
N = = £ [ g = L cc B | i = =
23 2% 3 .33 §&% B 223 9% 3 33 &85 -
gE:£2 2 3% £33 %5 522 R g2 E%

4

,°Does.not include ab]é~pbd1edlsubject'group.
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L ~ Public Tblgphdnesf'- S o __;ywiij T s R
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2 ' - \Validate a previous study that establisheq acuniform helght toteles: .
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= Evaluate the feWSibility of tefephons booths For usé by:people who -
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TG T I the fng f_h&$§xof'resparch, a-standard-coin telephone was mouhited on . .-
_ f'_}-4!ﬁaAWQ1$iin;¢_wayuthat.alloWed the telephohe to moved up and down

© e e ismeothly, L The (space around the .telephone was.frae of obstacles. In Y A
¢ i et thesecond phase, a teléphone booth manufactured by AT&T was tested." BRI
; +The-hooth had a.clear opening of'30- inches, -no deors and a,coin telephone, | ° '
Meg-mounted-in the right rear worner, facing dtagonally across the booth. . °
~.Jhe Coin ‘slpt of ‘the telgphone was fixed at 5 inches. Lines were '+ *° .
“mdrked at a 48uinchﬂheight‘on.the telephone and at F4 inches and 48 -+ L
~Anches on the side walls of the booth. - - S ST

o . - 7 . . S '

e
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.= Procedure ' R ’ SR Lo

7 .INthe first phase the height of the'coin slot wasset at 54 inches fiom o
‘. the flodr. . Subjects approached the telephone in ahyway .they desired. - I
Lo They redched for the coin stot and, jf necessdry, the telephone was » -~ » ~ ¢
FLi L «lowered GAET] they eould reach’ the coin slot comfortablg! In the second. C
i 0. phale, subjects attempted to insert a dime .into the coiff slot and also - LI
RSN reacheq, to the markings qp'tbé\te]ephpne and-booth sides. " ., = . o
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::;;';‘“flh fhe First phase, of the 118"subjects? 61 were wheélchair users, 18-

’y .

- PREETE

n_;_.,:were?wéﬂkingraid’usersf'ze,were peaplé with handling, grasping and- " o
" redching. difficulties,. and 11 wers: able-bodied people.. In. the second SRS TP,

i; . .phase, all.subjects .were whee'lchair.users who*had difficulty reaching - T
13 op:bending or had Tow 'stamina {8 in all).. . o e TR

Ce oFnddegs o 0T
.-,__" "‘?\ X \ :

dw D EIR I ke Pirst testihg phase, only five people could not reach-the coih,
RO ORI 3 | :pomfortably at '54 inches; those five, pegple could not'reach the A
ioa s wa o coThedlot comfortably at 48 incHes either.. Many wheelghair:users -« = . * . |
<o iE S muptlized & side approach which would not be-possible in the standard ' - 5
o el teTephonés enc tosyre,  In the sécond phase, a standard telephope en- - .
SO /@l0%ure das obtained” A1 Five people who had not reached: the' coin slot = °
fufx;;ﬁﬂ?;ftﬂgﬁortngy at 54 inches returned to test ‘the telephone mounted “in the - ~ - 3
s CEL ososemgTosurd,  In aldition; three other wheélchair users’ were tested., Two of -~ : -
Ee sthe! first five peopte could not insert the coin at the 54 inch height” " 4 .-
o s with eitherhand, using either” the frontal'approath'orwback-fn approach, . Co
"+ >y One of them couldrreach to the 54 -inch height but was unable to insert
v o % the codn Without ‘a’ specially-made holding ‘device which-he had not -
Lo o7 brought to the labp
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1nches, except at the right side, of the booth where she cou]d reach to
54 inches. Inh order for her to be close enough to‘use the 54 inch slot, -

it was necessa?y for_her to travel over a 1‘4 inch high metal plate that -

served as a temporary structural. support for the telephone enclosure.

- (The metgl ‘plate would not be present inla permanent .installation.) This
‘individ®1 came to the laboratory in a rente{ chair that was difficult
for her -te operate. The five other wheelchair users could use the 5
inch slot with the telephone mounted diagonally in the corner,

Informal observations indicated that heavy outer clothing may signifi-
‘cantLy limit reaching abilities for people with Timited movement of *
arms{ Thus, the 54 inch héight may be difficult to reach in winter
wher outdoor 1nsta11ations are found 1n cold weather climates.

: Recommendations

The height of 54 inches to the coin slot wa¥ va]idated as an acceptab]e
mounting height”for public telephones. A mounting location and space -
“uclearances that allow a side approach are preferred. _Telephone enclos-

ures with d1agona11y mounted te]ephones: are acceptab]e if clearances

a]]ow entry of a whee]chair

L4

- Marg1na] Popu]at1on- A ‘ . ' [

L

" Some wheelchair users with difficulty reaching will find telephones with
_.coin slats located at 54 inches difficylt but not usually impossible to
“tse, A few people who also have difficulty maintaining balance while -

rdaching forward may find the diagonally-mounted telephone in an enc]osure

. 'rr w1th the coin slot at 54 inches 1mposs1b]e to use.
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Right Corner (in inches)  Right Side (in inches) Left Side (in inghes) Left Corner (in_inches)

Description Right, Left Back-In Right Left Back-In .Right ‘Left Back-In . Right Left Back-In

of Subject Hand” Hand Either Hand Hand  Hand Either Hand Hand Hand Either Hand Hand  Hand 'Eitt}er Hand

Left Side Worse 54 48 54 59 54 5 5 54 54 Cse s o5

Right Side Worse ' NP 54 54 8 4 5 54 54 54 N 54 " sa '

Right Side Worse NP 54 NP NP 48 a8 N 54 48 NN a8

Both Sides Same 54 NP NP 54 8 5 54 54 5 54 54 NP

Right Side Worse NP 48 4 NP e 48 54- N 48 54 w e s

Left Side Worse 5 - 48 NP 54 g 54 54 54 . 54 54 .54 54

Left Side Worse 58 48 54 56¢ NP 54 5 54 54 % 5 Y

Left Side Worse 54 54 54’ 54 54 . 54 54 54 54 54 .54 . NP
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- Table 40: _Sugmarx of Findings for Pub']ic 'Tei_ethng Enclosures

’

. ‘ z\ - . . ..‘_‘ . . N ] . "2
el \ . R L 3 N — e — — — . .
/ Phone Location.and Slot Height (Maximum Operable Coin Height): -
A - = e - . ; . ¢ -
Right Cdrner. v Right Side - Left Corner Left Side
Users Approach  #8in. 54 in. NP 48 in. .54 fn. NP 48 in. 54 jn: NP 48 in. 54_in. - NP
" Forward: at VAR o o E . ' .
Jeast one hand 1 . 6 1 ,2 6 0 2 6 0 -1 Y A o /
“ . ¢ A . w ' t :
Back: at least ! - ,
one hand O I N 7 0 1 5 2 1 7 0
Total o .8 R 8 - - 8 -




Objectlve

Mailbox " R - -, : ; - ',)

- Evaluate the usability of standard us Postal Seru\ce mailboxes, :
Apparatu B | | ' o s

A standard US Postal Serv1ce mailbox was lnstalled 1n our laboratory
An 11 inch letter and a package 9 inches by 12 1nches and weighing 1
pound were. prepared for use in the experiment.

Procgdure S, . N -

-

'Users demonstrated mailing the lettei-and the package Spatial require-
n

ments and problems were recorded noting the space required for use in

- front ‘of or at the side of a standard, floor mounted postal service mail-

’Recommendations

box .

SubJects |

¢ 3

,People with handling grasping and reaching difficulties’as well as -
people using wheelchairs or walking aids and able- bodied people were

included in the test sample A total of 104 disabled subjects were:
tested. - < . . !

1

Findifigs (

wheelcha1r users and people with handling and f1nger1ng d1ff1cult1es had

problems holding the door open while lifting the package with one hand -
(see Table 41). .

® ' , ‘ ot *

' Digpensers and ‘receptacles should allow operation with only one hand.

MarginalPopulation ' .

| Severely disabled quadraplegics and people with severe difficultyin

' manipulation of fingers may have problems using receptacles and dis~

pensers requ1r1ng one-hand operation. These people, plus hemiplegics- |
and.people with moderate manipulation difficulties may not be able bo
use dispensers or- receptacles reqhiring two-hand operation

+

Ao




Table 41: Mailbox Use.

t

At

a

Uses Space in Uses Space at. Unable to Unable to _
Front of Box _Side of Box Mail Letter Mail Package Tota]
Wheelchair Users? 53 3 4 | 4 s
Ambulant Users® Mo 'R 1 0 38
Doe&-not 1nd]ude wheelchair users w1th except1ona]1y good ab111ties "
Dge? got include ab]e bodied~ambu]ant and wa]k1ng aid users_with exceptiona]]y good
abilities. ; . A _ :

% o

4




v . &... . . ' S
. g

-~ . Comparison with - |
. Previous Research Sl

, .
Al
4
v
- - .

-

4
]
-

.
Ao rovasi o e }




Comparison with Previous Research

"The.findings in this résearch study can be,gompared to the findings of . "
- several other human factors research - studies focusing on accessi- :
biTity and usability of the environment by people with. disabilities, :

-'l,»-Anthfopometrics

. o i g ' .
. Floyd, et al. studied anthropometrics of -paraplegtcs; they found that
- comfortable vertical side reach in their sample ranged from 59 to 68"
inches.. Our findings were a range from less than 36 inches to'alqiit
. _ 72 inches (only two people less than 48 inches) for.a similar tasks
. "Floydy et al. also found that foeward vertical reach ranged from 42 to
66 inches. McCullough and Farnham studied réach of wheelchair users to
the back of upper shelves in a task similar to the reaching task our:
subjects completed at, the mix center testing station. Their findings, ~
- for shelves over an open ‘counter, were a range of 43 to 56 inches. They =~
did not report how heavy the weights used in their reaching task were,
Our findings ranged from 44 ‘to 68 inches (only one person. above 60 inches
with a 2 pound weight). ~Our:findings and thosé of Floyd,.et al. are * -
- different at both extremes,” Thi is probably due to the differences in
* . - selection of samples and procegéies. _About 30 -percent of Floyd, et al's.
 sample were athletes. A1l of their subjects were paraplegics who had
: - ~spinal cord injuries and who had had or were. undergoing rehabilitation -
- - training, Our sample included many. wheelchair users with reaching qimi-
o | tations (i.e. with loss of.ann'functiozi and little or no rehabilitation
training. However, it also included a ¥|etes who were very agile.
The'findings on vertical forward reach from all three studies were very
close except for the upper range for the McCullough and Farnham results. °
Theirviample was all female, which would explain that difference.

. 2. - Wheelchair Maneuvering I

Several researchers have studied turnfing a wheelchair within confined
. . Spaces. Recommendations from those studies and our own are shown in
-~ Table 42 and Table 43. The differences ‘if findings for the. 180 degree
: “turn can be explained by the variety of methods used by the different
+ researchers’ and how recommeridations were abstracted from data. - ° .
 Brattgard had his subjects make two 90 degree turms in an open space.
, . Backing and pivoting were allowed. Such-a turn requires less space than
~a smooth U-turn. Moreover, lack of surrounding partitions reduces the
need for tolerances and allowances for judgment. McCullough and Farnham
- . utilized movable partitions; they did not report the type of turn ‘used.
Their findings in Table 42 are for the largest. dimensions required by a
“member of their sample rather than minimum recommendations. = The largest
Space required by a member of our sample was larger than the McCullough
findings, but our recommendations were derived by eliminating several in-
dividuals who could do/a~K-type turn within the space that most other v
‘people could do the U-turn. The larger space requirements found by
v Walter, who usgd fixed partitions as we did can be attributed to: 1) '
o the fact that his sample included electric and assistant-propelled chairs, .
r whiich had much greate? space requiremgntSJthan those people in his sample
' ' N > v
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i
using m:ﬂuaI chairs independently (new electric chairs can make this -
“maneuver’ in less space: than people using-manual chairs); and‘2) ‘the
- fact that he analxzed depth and width of turning area independently,
s Which dbes not consider the relationship of length to depth.of space.
Nedrebg‘s methods are not:reported. L S - |
The rg¢commendations for L-turns are more-consistent, with the main dif-
ference being our finding that both armms’ of the L can be the same, if
the starting arm-is sufficiehtly large. In our study, we never used a o
_starting arm that was narrower thgn 3g inches (91 cm). It appears that - !
~ Walter and Brattgard reduced the $tarting arm to a much smaller width.
Nedrebo's methods are not reported. Thus, the various findings taken
together, suggest .that with a wider<starting arm (36 inches is needed
] fpr passage in a straight corridor by crutch users) -the end arm éan be
reduced- in width, . =~ = . S

".. 3. Co_unter: Heights g . / N )

. McCullough and Farnham tested preferred counter heights of wheelchair
users. Although they only used one trial for comfortable height, they _ PR
also found that wheelehair users often preferred counter heights as ' \
close to lap level a% possible and often below amm rgst height. They ) . \
~ found, as we did, that preferred sink heights were higher than mix - -
center heights. Their range of findings was similar to ours. . _

4. Doorway Maneuvering - _ .
Several researchers have studied maneuvering through doorways by yheel-
. chair users. Their recommendations, together with our.-own, are presented - .
’ in Table 44, Brattgard's research on door maneuvering utilized people . = - - ,-
' with reduced arm function but the sample size was only $ix, and four out
-of the six used whéelchairs with the large propelling wheels in the :
frogt. Those two that had rear propelling wheels, as did all the sub-
‘jec®s in our research, required consistently larger spaces. The fact
that four out of the six subjects had the” advantage of the front pro-
pelling wheels would account for Brattgard's smaller recommendations.
¢ . Brattgard reports that Owngworth's sample used only onegperson who pro- .
pelled their chair man y with no assistance (Brattgard, 1974)." The
performance of electric wheelchair users and attendant-assisted pushers - .
in Walter's study was betterithan that of people propelling themselves }
at doorways; unlike’ his findings for the 180 degree turn experiments, ;1:’_
Walter's findings are Quite different than ours for the direct frontal
- approach. Walter placed screens at both sides of the door perpendicular
to the wall. He does not report how those screens were moved -during the
¥ . testing procedures. We did not use screens in this approach and thus,
subjects were able to use mare space close to the door at the latch side.
. * Walter reports datd for only 31 of the total sample of 40 independent
wheelchair users; perhaps .mamy subjeéts could not n gotiate with the
screens in place. Our findings show that over half ®»f our sample of
.~ wheglthair users used more than the latch side space recommended by
o Nalgb .. Our findfngs on this approach are close to those of Nedrebo,
- as reported by Brattgard. - : ' f
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* .
for doorways opening out while approaching from the latch side, our
recommendations are 4 cm smaller than Walter's. This difference an
.. be attributed to the fact that Walter determmined his recommendation
through an arbitrary statistical procedure. Actually, ohly ‘three of
_ his subjeets required more, than 47 inches~of corridor width in.this
n : maneuver, We had a number of people (11 percent of -the~wheelchair users)
A who required more space than 48 inches, however, we judged that 48

inches was a reasonable minimum, For yurning into doorways that open
out, away from the user, Walter gives recommendations for corridoy ..
width 10 cm more than ours. . We did not test this maneuver but based i .

*on our L-turn data. Walter aggregates data on one graph for four man- ,
euvers-- from hoth the left and right, for both latch side and hinge ‘ ﬂ
side approach. ° For all of these approaches, only 8 out of 137 or 5 -t
-percent of the trials, required a greater space than our recommended :
minimums: and, since the data are aggregated, there is no way to tell - \
whick of thosey8 trials were for the individual maneuvers. It should !
be'ggk@d that the cledr doorway width used in the various studies was
.différént. The clear doorway width is inversely related to corridor
glearance as shown by our résearch on L-turns. ' .

-»~

5. Ramps B _
. ' . Walter's findinds.for ramps are similar to ours. Both studies found a

1:16 slope for 20 feet to be accessible to at least 95 percent of the
wheelchair users. Elmer (1957) found that a 1:8 ramp slope was maximum
-for wheéelchair users. However, his sample was taken from wheelchair
users at a pioneering rehabilitation-education center and the findings
probably reflect the high standard of excellence in rehabilitation _
-training that the subjects received as part of their program. Both
Walter's and our sample included large proportions of older people and
-many with reduced arm function and lTow stamina. The Elmer sample was
much younger in age. :
) £ ;

6.. Public Telephones

The American Telephone and Telegraph Company, ip a Study.on the heighi
‘of cotn telephones found that,54. inchet to the coin slot was usable by .
~all but a:few wheelchair users. Our findings are consistent with those

results, ' ' : .

3

. Further Research Needs

This research, as well as the other studies above, was limited to the
study of behavior in simulated rather than actual buildings. The simi-"
‘larity of activities performed in the laboratory and the. closeness to
which laboratory condtttons matched actual conditions allows a great de-
gree of generalizabil{ t3~actua1 buildings. However, ‘there are con-
ditions in the "real bi;ld. that cannot be adequately simulated in the
laboratory. First, indTvidual performance will vary considerably due to

E changes in health status and morale. 'In the laboratory, behavior cannot e
’ be studied over time, day ip and day out.-- when people feel good and ‘ .
when they feel bad. Moreover, the design features of buildings cannot ,
-9 « : o » T
ERIC. . ‘ . 163 L
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" be simulated in all their va#iety and qomplexity. Certainly, additional -
research with small samples in existing buildings. is needed to bring our
knowledge about accessibiljty to a finer level of detail than that pro- _
vided by laboragory studies. The lack'of information on many topics and
the conflicts in existing data on others led us to an approach that de-
manded the Yargest sample possible and an extensive array of tasks to
be studied. "The use of simulations was the most appropriate method.,
Further research can now build upon the’established data base to study

individual topiﬁs in more detail,m,

.. It should also be noted that consumer preferences were not given major ° ~ .
consideration in this work. It was-limited, for the most part, to -
outwardly observable behavior. We followed this approach because the
intended use pf data was for application to minimum building standards.

o Considerable variation no doubt exists inm the acceptance of different de-

A ~ sign-conditions. Some people, for example, would rather not have to
. " ‘reach up for an object at all, regardless of whether it is within their

reach or not. Attitudinal issues of this sort deserve a significant
- amount of research attention. In particular, such work should compare
the attitudes of disabled and able-bodied people for similar tasks.  Re-
search of this kind would probably demonstrate that significant incon-
-""- venience in access and use of the environment is not restricted solely
" to disabled people. - = : : |

, . The scope of this work did not allow us to give attention to environ-

ments for young children. There is no émpirical daka presently avail-

able on their needs. - Further research should give attention to those
specific parts of the environment where children's small stature, low
strength -and immature judgment require differences in design criteria.

Finally, the research reported here did ot give in-depth attention -to
the design of products found-in .buildings. We. used building products
that, through professional judgment, were considered the optimal v
availahle (e.g. lever-handled door openers, single-lever faucets): Re-
search .is already underway by others that will provide empirically-
based information about product des'ign. '

-
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Tab]e 42 ace Requireme

for Making an 180°

nn,in a Whe

aTr {In centimeters)
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X
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¥

Brattga r'da
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i B
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'150

L1180

162
153

" 3a110wed two 90° turhs.

bSource Brattgard 1974 )

cNot reported as a “minimum,
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Table 44: Space Requirements for Maneuvering Whee]chairs in Frent
’ of | DoorWays Un centTmeter?) .
= o7 = - — -
A. ) - . Researcher - X Clear Qpening
v/ ] Walter 126 80
) s " Brattgard 100 - +8
g T _ .
s s . ’ Ownswortha' 100 77.5
A - i C o
X HN CJ . ‘ Nedrebo® 1350 76.1
. == ——F= ., Steinfeld 22 76
. ,
"B ] ' Researcher X Y Clear"'()yening g
o PR ' g Clear Opening
’ . Brattgard 120 " YJo 78 .
* e i .
1 Y l : Steinfeld 153 107 76
s 'CQ* ﬂ\ X - .
. < = .
! ' + ...,
C. _Researcheg = = X -~ Clear OPening‘.
. . Walter 20 .80
: .re Brattgard 100 . 78"
¢': : \lﬁ d Qwi?swor‘tha » 10 77.5
Pt Nedrebo? 1220 76.)
X i @ . .
0 SR SEENBAAN Steinfeld - 107 81"
. W
D, - i Researcher X Clear Opening
| Walter 120 80
- Brattgard  * 100 18
" - ownsworth® 100 77.5
c.() . Nedrebo®  © 125> 76,1
............................. - R Steinfeld 107 81 -

16g




- : E, ' Researcher X Clear Openning

R 7’ Walter’ 33 80

. . .- . 1:.,.......' ... i .. . l . Brattgard - 30 "8 ) ‘ '

Nedrebo?  60- 76.1 -

o - .g“j;\ P Steinfeld 61 76
TS } e

o .
)

- \
’ N ’

. . N . .o v * o .
. -k # ! Reseaxcher - . X - Clear Opening g ¢ L

o N 0 - B;Nttjgard 30 8 ' ¥
’ ﬂ\’ ) " _ . © Nedrebo? © 30 76.1 .

) e S
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. : — : - '
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